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1 General introduction 
1.1 Background and research objectives 
Water is an important resource for the wellbeing and survival of people with a wide range of 
uses. Specifically in the rural areas of developing countries, water is used for both domestic 
purposes and other livelihood productive activities such as gardening, small-scale irrigation 
and livestock farming, among others (Makoni et al., 2004). In this respect, water provision in 
rural areas should ideally take into account such multiple uses of water (Katsi et al., 2007). 
The increasing water scarcity and quality deterioration due to various reasons is becoming a 
global problem. Unchecked urbanization and industrialisation, rapid population growth, 
agricultural expansion and climate change are negatively affecting the quality and availability 
of water resources (Zimmerman et al., 2008). The increasing problem of water scarcity and 
poor quality is specifically very serious in many developing countries attributed to the 
predominance of over utilisation and mismanagement of water resource (Kakonge, 2002; 
Saravanan et al., 2011).  
In developing countries like Ethiopia, the interactions among livestock, water and rural 
communities are very complex. In the first instance, livestock play versatile roles in the rural 
farming communities. In addition to food provision (i.e. meat and milk), livestock offer 
important functions as repositories of household savings, insurance to mitigate financial risk 
and source of draft power (Upton, 2004). Indeed, animal source foods are major sources of 
essential micronutrients required for human nutrition (Murphy and Allen, 2003; Randolph et 
al., 2007; Dror and Allen, 2011). While livestock are the foundation of rural livelihoods, they 
can also degrade the environment and contaminate water sources with their excreta, 
subsequently risking human health (Steinfeld et al., 2006). The health risk could be very high 
in areas where livestock and people share the same micro-environments and have several 
points of interfaces (Mazet et al., 2009).  
Water quality, which is defined based on microbiological or physicochemical parameters, 
affects both human and livestock in various ways. The concern of low quality water is either 
due to direct health impacts from drinking or a reduction in the palatability for humans and 
animal consumption (Willms et al., 2002; WHO, 2011). Low microbiological quality water is 
one of the major health concerns and causes of high human morbidity and mortality in 
developing countries like Ethiopia (Prüss et al., 2002; Ashbolt, 2004; WHO, 2011). Exposure 
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to elevated levels of chemicals in water is also responsible for various human health problems 
(WHO, 2011). In addition to the impact through drinking, use of contaminated water in food 
production and/or processing can be a significant source of pathogens with subsequent 
adverse health effects (Kirby et al., 2003). Specifically, animal source foods such as milk and 
milk products are highly prone to microbial contamination. Therefore, the use of 
contaminated water for cleansing of containers can adversely affect the safety of milk and 
milk products (Chye et al., 2004). Similarly, water can be a vehicle for the transmission of 
clinically important pathogens such as Salmonella, Cryptosporidium and Eimeria, especially 
in young animals (Bolton et al., 2012; Mitchell et al., 2012). Noteworthy to mention is that 
poor quality water can affect the productive performance of livestock, for example, in terms 
of reduced milk production (Solomon et al., 1995) or poor weight gain in growing animals 
(Willms et al., 2002; Lardner et al., 2005).  
The drinking water supplies in many rural areas of developing countries suffer from lack of 
quality monitoring (Guppy and Shantz, 2011) and the quality is checked to the best only once, 
when water supply schemes are installed (Rossiter et al., 2010).  
Though Ethiopia is endowed with huge water resources and the annual renewable water 
resource of the country was estimated at 124.6 billion cubic meters (Word Bank, 2006), there 
is a large spatial and temporal disparity in water availability. Consequently, high water 
scarcity is experienced in different corners of the country. In particular, the Rift Valley area, 
where this study was carried out, is challenged by water scarcity and impairment of quality 
associated with mismanagement and over-utilization (Ayenew, 2007; Jansen et al., 2007). 
However, studies addressing the extent of water scarcity and quality problems are limited in 
Ethiopia in general and in the study area in particular (Reimann et al., 2003; Tekle-Haimanot 
et al., 2006; Biadglegne et al., 2009). Most of the studies were carried out in urban settings 
(Admassu et al., 2004; Kifle and Gadisa, 2006; Biadglegne et al., 2009). Therefore, 
comprehensive assessments of water utilization by farmers and their livestock with respect to 
potential health and food safety impacts are necessary.  
Taking water as a core element affecting the health of people and livestock, the present study 
was carried out in Lume and Siraro districts (both located in Rift Valley area of Ethiopia). 
Generally, the study aimed to assess: (1) water sources, availability and utilization by 
livestock and farmers, (2) the concern of farmers related to water quality and availability in 
comparison with other livestock production constraints (e.g., feed scarcity and diseases) and 
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(3) the quality status of water sources destined for human and livestock drinking based on 
selected microbiological and chemical quality parameters. The potential risk of using water of 
poor microbial quality on the safety of milk and milk products traditionally produced and 
consumed by households was also one of the focuses of the study. Throughout this study, 
comparisons of the factors assessed were made between the two districts. 
The specific objectives of the present study were to: 
(a) assess the constraints and challenges of meeting the water requirements of livestock 
kept by rural communities, 
(b) assess the utilization of water sources by livestock and farmers, 
(c) assess the suitability of water sources (supplies) for human and livestock consumption 
based on microbiological quality indicators and chemical quality parameters, 
(d) examine the microbiological quality of water at household levels and the potential 
health impacts 
(e) investigate the potential impacts of poor water quality on the quality/safety of milk 
and milk products.  
1.2 Overall framework of the study 
Lume and Siraro, the two districts where this study was carried out, were purposively selected 
constituting different water quantity and quality challenges in the Rift Valley areas in 
Ethiopia. While surface water resources are available to a greater extent in Lume, the Bilate 
River is the only perennial surface water in Siraro, marking the extreme south-western border 
of the district. In other respects, the water bodies in Lume were assumed to be prone to 
pollution from industrial and domestic effluents, because of the proximity of the district to 
urban areas. Siraro district is remote and infrastructural facilities were underdeveloped. 
Though farmers in both districts practice mixed crop-livestock farming system, the livelihood 
of farmers in Lume is more dependent on crop. In contrast, livestock play more roles in Siraro 
and a transhumant migration according to grazing area and water availability was also 
common in the district. 
The methodological approach of the study encompassed different components: (1) a 
questionnaire survey complemented by focus group discussions, (2) assessments of the 
microbiological and chemical quality of water destined for human and/or livestock 
consumption, (3) microbial assessments of milk and milk products produced and consumed in 
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the study area, and (4) a compilation of secondary data on human health, management of 
improved water sources and rainfall data of the two districts.  
For the questionnaire survey, a total of 320 households (160 in each district) were randomly 
selected and interviewed using a structured questionnaire format. The questions focused on 
the socio-economic characteristics of the households, constraints for livestock production, 
seasonal water supply and accessibility to water sources, as well as farmers’ perceptions on 
the quality of water sources, water-related health problems and impacts of livestock on the 
quality of water sources. Group discussions were held with farmers to complement 
information obtained from the questionnaire survey. 
For the assessment of water quality, water samples were collected from sources (supply 
points) and household containers (consumption points) from December 2010 to January 2011 
and July to August 2011, corresponding to the dry and wet seasons, respectively. The 
assessed water sources were those utilized by the rural communities for human and/or 
livestock consumption purposes. Samples collected from sources were analysed for total 
dissolved solids (TDS), pH, manganese (Mn), hexa-valent chromium (Cr), fluoride (F), E. 
coli and total coliforms. All quality parameters were determined during both sampling periods 
(in the dry and wet season), with exception of chromium and manganese, which was analysed 
only during the wet season. The assessed parameters were selected based on their importance 
regarding health and/or aesthetic aspects of water for both human and/or livestock use. The 
water samples from household containers were only examined for E. coli; assuming that the 
chemical quality of water does not change significantly when transported and stored. Milk 
and milk products were also collected from the households during the wet season and 
analysed for E. coli. This was done to assess the potential effects of microbiologically poor 
water on the quality/safety of milk and milk products. 
Secondary data were collected from various offices of the districts. Specifically, to assess the 
occurrences and magnitude of water-related human diseases in the study area, a summary of 
disease reports (July 2009 – June 2010) was obtained from the Health Offices of the 
respective districts. Moreover, to assess the relationship between monthly pattern of farmers’ 
perceived water scarcity for livestock and rainfall distribution, monthly rainfall data of the 
two districts were obtained from the National Meteorological Service Agency of Ethiopia (for 
the duration of 2004-2008). Secondary data on the price, status and management of improved 
General introduction 
 
 
 5
water sources intended primarily for domestic uses and also used for livestock were also 
obtained from the Water Resources Development Offices of the respective districts. 
1.3 Structure of the thesis 
This thesis is composed of three manuscripts submitted to refereed journals. The manuscripts 
correspond to the second, third and fourth chapters. Following this general introductory part 
(chapter one), the second chapter deals with constraints and challenges in meeting the water 
requirements of livestock in the Rift Valley areas of Ethiopia. The chapter presents various 
issues with focus on the extent to which water scarcity and poor quality constrain livestock 
production in the area, factors impairing the quality of water intended for livestock drinking 
and the strategies adopted by farmers to cope with water scarcity problems. In this chapter, 
individual interviews with randomly selected respondents and farmers’ group discussions 
were mainly used for data collection.  The data were analyzed using descriptive (means and 
proportions) and analytical (t-test and chi-square) statistics. 
The third chapter has two main sections: (1) a section based on a questionnaire survey and 
farmers’ group discussions, complemented by secondary human health data and (2) the other 
one which was based on laboratory assessment of different water sources for selected quality 
parameters of aesthetic or health concern. Accordingly, the accessibility of water sources, 
farmers’ perception on water quality and water-related health problems associated with 
mismanagement of water sources are the focus of the first section. The second section in this 
chapter deals with the health implications of the measured water quality parameters 
(microbiological and chemical).  
Chapter four presents microbiological quality of water and milk consumed in rural 
communities of the study area. Ready to consume water and milk samples were collected and 
analysed for E. coli, an indicator of microbiological quality and safety. In this chapter, an 
attempt has been made to assess the correlation between E. coli counts of water and milk 
samples.  
 
Chapter five connects the findings of the previous chapters. The potentials and limitations of 
the overall methodological approaches of the study processes are also discussed under this 
chapter, followed by general conclusions of the work. Finally, comprehensive summaries of 
the thesis both in English and German are given (Chapter six and seven).  
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2.1 Abstract 
Compared to the total water use in livestock production systems, water for livestock drinking 
is small in amount, but an important requirement for the health and productivity of animals. 
This study was carried out to assess the constraints and challenges of meeting the drinking 
water requirements of livestock in rural mixed smallholder crop-livestock farming districts in 
the Ethiopian Rift Valley area. Data was collected by individual interviews with randomly 
selected respondents and farmer group discussions. Farmers ranked feed and water scarcity as 
the two most important constraints for livestock husbandry, although the ranking order 
differed between districts and villages. Poor quality water was a concern for the communities 
in the proximity to urban settlements or industrial establishments. Water provision for 
livestock was challenging during the dry season, since alternative water sources dried up or 
were polluted. Though rainwater harvesting by dugout constructions was practiced to cope 
with water scarcity, farmers indicated that the mismanagement of the harvested water was 
posing health risks on both, livestock and people. A sustainable water provision for livestock 
in the area thus depends on the use of different water sources (intermittent or perennial) that 
should be properly managed. Industrial establishments should adopt an environment-friendly 
production to minimize pollution of water resources used for livestock consumption. 
Technical support to farmers is required in the proper design and use of existing rainwater 
harvesting systems. Further investigations are recommended on the effect of poor quality 
water (perceived by farmers) on the performance of livestock. 
Keywords: Water scarcity; poor water quality; livestock production constraints; farmers’ 
perception; Ethiopia 
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2.2 Introduction 
Livestock have versatile roles in the Ethiopian farming systems. On top of provision of food 
(i.e. meat and milk), livestock play important functions as repositories of household savings, 
as insurance to mitigate risk and as source of draft power. Livestock are kept in various agro-
climatic zones and agricultural production systems of the country, including mixed crop-
livestock, pastoral/agro-pastoral and urban/peri-urban systems (Benin et al., 2003; Gizaw et 
al., 2010). The mixed crop-livestock system in the highlands and the pastoral system in the 
lowlands represent the dominant form of agricultural production. The crop-livestock mixed 
farming system constitutes about 44 % of the total land area (Dejene, 2003). It is estimated 
that out of 44.7 million cattle, 23.3 million sheep and 23.3 million goats in Ethiopia, 79%, 
59% and 47% of the respective livestock species are raised in mixed crop-livestock farming 
systems (Cecchi et al., 2010). The synergetic interaction between crop and livestock in the 
system is an opportunity for sustainable food production (Legesse et al., 2008). 
However, crop-livestock systems are confronted with various constraints and challenges 
regarding the utilization of water and land resources, because of very intense competition for 
these resources (McDermott et al., 2010). Especially water is a very limited resource affecting 
the sustainability of livestock and crop agriculture, people’s livelihoods and the environment 
(Malley et al., 2009; Descheemaeker et al., 2010; Tarawali et al., 2011). At local, regional or 
global level, there is rapidly increasing competition over freshwater for domestic, industrial, 
environmental and agricultural activities (Rosegrant and Cai, 2002; Zimmerman et al., 2008). 
This necessitates the application of remedial interventions in water management through 
targeted research and development activities. 
Adequate water supply is one of the important services for the well-being of rural 
communities for both, the people and their livestock. Large amounts of water are indirectly 
consumed for food and feed crop production in comparison to the amount directly consumed 
by livestock or people (Peden et al., 2003). Though relatively small amounts are consumed 
directly, animals require water of adequate quantity and quality (Wilson, 2007). The water 
requirements of livestock are affected by different factors such as species, breed, body weight, 
physiological status, feed type and air temperature, among others (Schlink et al., 2010). Under 
tropical conditions, about 20 litres of drinking water is required per Tropical Livestock Unit 
(TLU) per day (Wilson, 2007). 
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Though Ethiopia is endowed with huge water resources (World Bank, 2006), a very high 
variation in the spatial and temporal availability of water resource is one of the main problems 
in the country (Awulachew et al., 2007). Moreover, the quality of water is also becoming one 
of the main problems of communities in the vicinity of urban areas associated with 
indiscriminate disposal of industrial and domestic wastes (Legesse and Kloos, 2010). 
Particularly the quality and availability of water resources in the Rift Valley area of the 
country is adversely affected by anthropogenic activities (Ayenew, 2007). From the 
perspective of providing adequate drinking water to livestock, the high variation in the 
availability of water and the poor quality of water can have adverse effects on the health and 
productivity of the animals. In spite of the aforementioned facts, studies focusing on the 
quantity and quality of water, which is intended for livestock production, are very limited in 
Ethiopia. Studies assessing livestock production in Ethiopia hardly included issues of the 
availability and quality of livestock drinking water and at the most only gave a very limited 
insight without further details (e.g. Tsegaye et al., 2008). Tsegaye et al. (2008) reported 
scarcity of water during the dry period as one of the main constraints to livestock production. 
In this respect, the present study aimed to assess the constraints and challenges of meeting the 
water requirements of livestock in the Rift Valley area of Ethiopia, mainly based on 
questionnaire surveys and focus group discussions with farmers. The study specifically 
focused on: (1) the extent to which the scarcity and low quality of water are concerns of the 
farmers compared to other livestock production constraints (e.g. feed and diseases), (2) the 
factors impairing the quality of water, and (3) the strategies adopted by farmers to cope with 
water problems. The study thereby contributes to better identify priorities for utilization and 
management of water sources intended for livestock. 
2.3 Materials and methods 
2.3.1 Description of the study area 
The study was carried out in Lume and Siraro districts of Oromia Regional State, both located 
in the Ethiopian Rift Valley. The districts are characterized by mixed crop-livestock farming 
systems. Mojo and Lokke, the respective administrative centres of Lume and Siraro districts, 
are situated 70 km and 308 km south of Addis Ababa, respectively (Figure 2.1). The two 
districts were purposively selected to cover different water quantity and quality challenges of 
Ethiopia in general and the Rift Valley in particular. Lume has a sub-humid climate receiving 
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an average annual rainfall of about 1,065 mm. On the other hand, Siraro is characterized by a 
sub-humid to semi-arid climate, with a relatively low annual precipitation (on average 926 
mm). Vertisols (44.8%), randzinas and phaeozems (36.8%) are the dominant soil types in 
Lume district while sandy-loam is the dominant soil type in Siraro. 
 
 
Figure 2.1: Location of the study districts and surface water-bodies 
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While in Lume water availability is comparatively good, but prone to pollution from 
industrial, agricultural and domestic effluents, because of the proximity of the district to urban 
areas (Berehanu, 2007), perennial water sources are scarce in Siraro and frequent food 
insecurity arises from droughts (Senbeta, 2009). Mojo River traverses through Lume district 
from North to South and the southern border of the district is also bordered by Koka Lake. 
Bilate River represents the only perennial surface water in Siraro, marking the extreme south-
western border of the district. In both districts, rainwater was harvested in the form of 
traditional ponds (dugouts) during the rainy season. 
According to unpublished secondary data obtained from the districts’ Agricultural Offices in 
2010, the livestock population in Lume accounted for 80,188 cattle, 21,922 sheep, 21,489 
goats, and 20,510 donkeys. Correspondingly, in Siraro, the livestock population was 
estimated at 159,521 cattle, 29,803 goats, 23,933 sheep, and 19,755 donkeys. The same 
source of data in Lume showed that about 2.6% of cattle are crossbreeds (Zebu x Holstein or 
Jersey), mainly kept as dairy animals. Information on the proportion of crossbred cattle in 
Siraro was not available, but assumed to be less than in Lume. Those farmers keeping 
crossbred dairy cattle, specifically in Lume, sell surplus milk to primary milk marketing 
cooperatives, private milk collectors, hotels or neighbours. 
2.3.2  Sampling scheme 
After selection of the districts, a two-stage random selection (selection of villages followed by 
selection of households) was employed to identify the households for the questionnaire 
survey. Based on the lists of villages obtained from each district and village administrative 
offices, four villages (Biyo-Bisike, Koka-Nagawo, Malmale and Tiliti-Garbi) were selected 
from a total of 35 villages in Lume, and four villages (Alem-Tena, Kite-Tesisa, Lokke-Sifo 
and Shasha-Goyke) from a total of 28 villages in Siraro district. In each of the selected 
villages, 40 households were randomly chosen using computer-generated random numbers 
(with 10 additional households selected for reserve in case of inaccessibility of the households 
or insufficient participation). In total, less than 5% of the households were replaced during the 
actual questionnaire survey. 
2.3.3 Data collection 
The data collection lasted from July to October 2010, employing individual farmer interviews 
and focus group discussions with farmers. The latter served to complement information 
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collected by the individual interviews. In the questionnaire survey, a total of 320 households 
(160 in each district) were interviewed using a structured questionnaire format developed in 
English and translated to Oromo, a language widely spoken in the study area. The format was 
pre-tested for clarity and logical flow by interviewing selected households (3 respondents in 
each district), which were later discarded from the random selection for the actual interviews. 
Before the interviews, a verbal consent was obtained from each of the respondent by 
explaining the objectives of the survey. At the same time the anonymous use of the collected 
information was assured. The questionnaires included socio-economic characteristics of the 
households, rankings of the constraints for livestock production and seasonality of water 
scarcity. In order to assess the constraints for livestock production, the respondents were 
requested to list constraints they were experiencing in relation to livestock husbandry. 
Thereafter, the constraints were grouped into categories, i.e. disease, feed scarcity, low 
offspring output, inadequate veterinary service, water shortage and poor water quality. The 
constraints were ranked according to their priority, starting with one for the highest priority 
problem and continuing ranking up to the number of constraints mentioned by a respondent. 
There was the possibility to make ‘tied rankings’ (giving two or more constraints the same 
rank), or to leave the constraints unranked. Unranked constraints were later given the last 
number and considered as ‘tied ranks’ (Allison and Christakis, 1994). 
Two group discussions (one each for male and female participants, respectively) were held in 
each village (in total 16 group discussions). Random selection of participants for the group 
discussions was not possible due to difficulty in calling the participants to a central place from 
the scattered households. Instead, a transect walk was made through the villages, stopping at 
household clusters and inviting people from nearby households to join the discussions. It was 
aimed to limit the number of participants to 8-10 people. In Siraro, there were several 
occasions when up to 15 participants attended the discussions, however, without affecting the 
flow of discussions. The criteria for participating in the group discussion were that the 
participants were residents of a specific village and above 18 years old. The participants were 
informed about the discussion topics and verbal consent was obtained before starting the 
discussions. Among other livestock constraints, the discussion mainly focused on three key 
issues: (1) water problems (quantity and quality) for livestock uses, (2) local coping practices 
to tackle the water problems and (3) potential challenges regarding the practices. 
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In addition to questionnaire survey and focus group discussions, secondary data on the price, 
status and management of improved water sources intended primarily for domestic uses and 
also used for livestock were obtained from the Water Resources Development Offices of the 
respective districts. 
2.3.4 Data analysis 
Descriptive statistics (frequencies and means) were used to summarize households’ socio-
economic characteristics and livestock ownership. We applied chi-square test for proportions 
of categorical variables and Student’s t-test for continuous variables to compare the two 
districts. The Shapiro-Wilk test confirmed normality for age of household head and family 
size, while other variables such as landholding size and number of different livestock species 
were skewed. The homogeneity of the variance was tested using Levene’s test for different 
variables. The variances of the continuous variables were found to be equal between the two 
districts, except for sheep and goats flock size, family size, age of household head and 
landholding. The sample size in each comparison group was fairly large (≥34) and under such 
condition, the independent t-test is considered to be robust, even in the presence of skewed 
distributions (Stonehouse and Forrester, 1998). Therefore, the t-test was preferred to compare 
the means of the continuous variables. 
The mean ranks of the different constraints were calculated for the overall sample as well as 
for the district and village levels. To further elucidate the extent of water shortage and poor 
quality in the study area, the percentage of respondents who ranked the two constraints as first 
or second priority problem was calculated. Data collected through group discussions were 
analyzed qualitatively by organizing the issues raised into logical categories. All statistical 
analyses were done in Stata 9 (StataCorp, College Station, TX, USA). 
2.4 Results  
2.4.1 Households’ socio-economic characteristics and livestock keeping 
As can be seen in Table 2.1, most interviewed household heads were male, with a 
considerably higher average age in Lume than in Siraro. The survey showed a higher illiteracy 
rate and larger average family size in Siraro than compared to Lume (68% vs. 35% and 8.3 vs. 
6.3, respectively). The average landholdings in Siraro were smaller than in Lume (1.8 vs. 2.5 
ha). 
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Table 2.1: Households’ socioeconomic characteristics in Lume and Siraro districts, Ethiopia 
Characteristics Lume (n=160) Siraro (n=160) Significance of variables 
Continuous variables Mean sd Mean Sd  
Age of household head (years) 46.9 14.2 38.6 13.5 * 
Family size (number) 6.3 2.4 8.3 4.1 * 
Landholding (ha) 2.5 2.1 1.8 1.3 * 
      
Categorical variables %  %   
Male-headed households (%) 90.0  94.4  ns 
Education of household head (%)      
Illiterate (no writing and 
reading abilities) 35.0  68.1  * 
At least writing and/or reading 
abilities 65.0  31.9  * 
sd: standard deviation of the mean; ns: not significant; *significant at α=0.05 (chi-square for proportions or t-
test for means) 
 
The farmers kept multiple species of livestock and all of the surveyed households owned at 
least one cattle. Next to cattle, donkeys were the second most common livestock species kept 
by the majority of surveyed households in both districts. The cattle herd in Lume was 
dominated by oxen, whereas a larger number of cows and bulls were kept by households in 
Siraro (Table 2.2). In Siraro district, farmers kept more goats and less sheep than in Lume, 
while overall small ruminant flock sizes were higher in Lume (Table 2.2). 
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Table 2.2: Livestock ownership, herd size and composition by district 
Types of livestock 
Lume    Siraro   Significance 
of variables n Mean sd  n Mean sd 
Cattle 160 5.3 5.2  160 6.5 6.9 * 
Oxen 156 2.2 1.4  133 1.8 2.2 * 
Uncastrated male 60 1.3 1.0  97 1.6 1.4 * 
Non-lactating cows 121 1.6 1.5  154 2.1 2.3 * 
Lactating cows 70 1.5 1.1  117 1.4 1.3 ns 
Heifers 71 0.7 1.0  115 1.6 1.4 * 
Calves 65 1.7 1.7  110 1.5 1.3 ns 
Donkeys 131 1.0 0.6  125 0.9 0.6 ns 
Goats 49 0.6 0.6  70 0.4 0.4 * 
Sheep 53 0.6 0.5  34 0.3 0.3 * 
Total TLU 160 6.5 5.7  160 7.5 7.6 ns 
No. of respondents 160 - -  160 - - - 
n: number of households keeping the specified type of livestock; sd: standard deviation; TLU: Tropical 
Livestock Unit (equivalent to a hypothetical animal of 250 kg), conversion factors: 1 head of cattle=0.7, 1 
head of horse=0.8, 1 head of mule=0.7, 1 head of donkey=0.5, 1 head of sheep/goat=0.1 (Jahnke, 1982); ns: 
not significant; *significant at α=0.05 (t-test) 
 
2.4.2 Seasonality as challenges for water provision 
Results of the questionnaire survey show that different water sources in the districts were 
utilized to meet the water requirements of livestock. The water sources for livestock were 
either ground water (hand-dug wells, boreholes) or surface water (rivers, dugouts, surface run-
off from roadsides). 
High seasonal variation becomes evident from the percentage of respondents utilising 
different water sources for livestock (Figure 2.2). The Bilate River was the dominant source 
of water for livestock in the dry season in both districts. During the wet season, farmers in 
Siraro were shifting towards dugouts as the main source of water for their livestock. There 
was large variation between dry and wet seasons in the perceived water scarcity by the 
farmers with the majority of the people experiencing water scarcity for livestock during the 
dry months of a year. The results show that more than 40% of the respondents in Siraro 
experienced water scarcity for their livestock the whole year round (Figure 2.3).  
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Figure 2.2: Sources of water for livestock consumption in dry and wet seasons: results of 
questionnaire survey (percentages do not add to 100% because of multiple answers) 
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Figure 2.3: Monthly pattern of water scarcity, as experienced by farmers, in relation to 
monthly rainfall distribution (Note: rainfall data obtained from National Meteorological 
Service Agency of Ethiopia for the duration of 2004-2008, for Mojo (in Lume) and Alaba 
(near Siraro) Stations) 
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2.4.3 Water problems in comparison with other constraints for livestock production 
Table 2.3 shows the mean ranks of the constraints of livestock production assessed in this 
study. The order of the ranking was different between districts and villages. The top ranked 
constraint in Lume was shortage of feed, followed by shortage of water and diseases, while in 
Siraro water shortage was perceived as more important in limiting livestock productivity than 
feed shortage. Out of the total respondents in each district, 34% and 65% of the respondents 
stated water shortage as a first or second priority constraint in Lume and Siraro, respectively. 
The corresponding percentages for poor quality water were 34% in Lume and 11% in Siraro 
(Figure 2.4). The results disaggregated to the level of villages show that the farmers in the 
downstream of Mojo River (Koka-Nagawo and Malmale) ranked poor water quality as the 
second most important problem for livestock husbandry. In Siraro, shortage of water was the 
first priority problem of Kite-Tesisa and Lokke-Sifo villages and was given an intermediate 
rank compared to other constraints in the other two villages (Table 2.3). In the villages of 
Lume district, the percentage of respondents who ranked water shortage and poor quality 
water as first or second top priority constraint ranged from 38% to 43% with the percentage 
for poor quality water ranged from 0% to 63% with the high percentage in the downstream 
villages. In villages of Siraro district, water shortage was ranked as first and second priority 
problem by a large number of the respondents ranging from 28% to 100%. Only 3% to 25% 
of the Siraro respondents ranked poor water quality as first or second priority constraint 
(Figure 2.4). 
Table 2.3: Mean rank of the constraints for livestock production by districts and villages 
Constraints 
Overall Lume Siraro Villages in Lume Villages in Siraro 
   KN M BB TG AT SG KT LS 
Shortage of feed 1.8 1.3 2.3 1.4 1.1 1.7 1.2 2.5 2.4 2.0 2.3 
Shortage of water 2.5 2.9 2.1 3.4 2.6 2.8 3.0 3.3 2.5 1.1 1.5 
Diseases 2.9 3.0 2.7 2.9 3.6 2.6 3.0 1.4 1.8 3.6 4.1 
Poor quality water 3.5 3.4 3.5 2.7 2.4 3.1 5.5 3.8 4.0 3.6 2.7 
Inadequate vet. 
service 4.1 3.6 4.6 3.4 3.6 3.0 4.3 4.2 4.9 4.2 5.0 
Low offspring 
output 4.2 3.4 5.0 3.3 3.6 3.1 3.5 5.0 5.3 4.4 5.4 
Note: The lower the mean rank of a constraint, the higher the importance of the problem; Abbreviations: 
BB=Biyo-Bisike; KN=Koka-Nagawo; M=Malmale; TG=Tiliti-Garbi; AT=Alem-Tena; KT=Kite-Tesisa; 
LS=Lokke-Sifo; SG=Shasha-Goyke 
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Figure 2.4: Percents of respondents ranking shortage of water and poor quality water as top 
(first or second) priority constraints for livestock production 
2.4.4 Group discussions 
In the group discussions, different constraints related to water provision for livestock were 
identified and described in detail in order to complement the results of the individual 
questionnaire survey. The constraints were more specifically described on village level and 
varied accordingly. In Biyo-Bisike and Koka-Nagawo, two villages in Lume, water 
availability in terms of quantity was not perceived as a problem, contrary to the other two 
villages in the district. Instead, seasonal flooding of the farm and grazing land was mentioned 
as problematic, specifically in Koka-Nagawo. Poor quality water was reported as another 
pressing problem in Koka-Nagawo, being associated to tanneries and abattoirs located along 
Mojo River, into which effluents from the factories were directly discharged without any 
treatment. 
In Siraro, water scarcity was the highest priority problem mentioned and a major concern for 
the people, limiting livestock productivity. It was indicated that in most villages of the district 
animals were trekked over long distances to get access to water, particularly in the dry season 
when temporary water sources like dugouts and roadside runoffs dried up. 
Different local strategies were applied to cope with the existing problems of water provision 
for livestock. These were either making use of alternative water sources or altering livestock 
management to suit to current conditions (e.g. decreasing herd size and keeping only selected 
groups of livestock). Water resources harnessed by initiatives of the local community 
included dugouts (rainwater harvesting) in Siraro and hand-dug wells in Lume. Dugouts were 
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constructed in such a way that the runoff from slope fields or along roads is diverted and 
collected in excavated land. Dugouts were used when perennial water sources were 
inaccessible for the rural residents. Shallow wells primarily dug for domestic consumption in 
Lume were also used for livestock drinking, especially for selected groups of animals (oxen, 
lactating cows and young animals). The associated problems reported by the farmers in the 
use of hand-dug wells for livestock were collapse of the wells, poor financial capability of the 
farmers to cover the cost of construction and high labour requirement to lift the water. The 
farmers had indicated various problems and challenges with regard to dugout construction and 
management of the harvested rainwater. The commonly mentioned problems were failure of 
the dugouts to receive enough surface runoff and quick loss of water through evaporation and 
seepage. Shortage of land for dugout constructions and dwindling interest of the farmers in 
the proper management of the harvested rainwater were also one of the main challenges 
reported by the farmers in Siraro. According to the group discussants (specifically in Siraro), 
the recently drilled boreholes were perceived to be unreliable and expensive, generally 
reducing interest in the proper management of dugouts by the farmers. As a result of the 
mismanagement, the quality of the water was found to be deteriorating to such an extent that 
even animals abandoned drinking the water. The farmers reported animal morbidity and 
mortality to be a result of drinking the poor quality stagnant water, especially at the end of the 
wet season. 
A change in livestock management was adopted by the farmers as a strategy to cope with the 
prevailing constraints, particularly water scarcity in the area. The strategies included keeping 
only important animals (e.g. oxen for draft power in Lume), giving access to water for 
selected groups of animals (e.g. oxen and lactating cows) and reducing the frequency of 
livestock watering in the dry seasons. 
2.4.5 Improved water sources and water price 
Protected springs, boreholes (diesel or electrically operated) and shallow wells (hand-pump or 
wind-pump) were the improved water sources in Lume. In Siraro, all of the improved 
schemes were boreholes. Improved water schemes were constructed by the government or 
non-governmental organizations with relatively small one-time contributions (in cash, in kind 
or in labour) from the local communities. In both districts, a community-based water 
management approach was used to manage the improved water schemes. Operational and 
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maintenance costs of the water schemes are covered by its users (i.e. the communities) with 
subsidies from the government (when major maintenance is needed). According to data 
obtained from the Water Resources Development Offices of the respective districts, the price 
set for rural improved water supply was village- and scheme-specific. As an example, water 
price for a specific borehole in Lume was 7 Birr/ m³ and 16.7 Birr/ m³ in Siraro (exchange 
rate: 1 US Dollar = 13.5 Birr in July 2010). It was evident that variation in the price existed 
among villages depending on the types of energy used to abstract the water. In addition to the 
regular pricing, an informal market for water was also common in Siraro. In times of scarcity, 
water fetched from any source (including from rivers and dugouts) was usually sold at a high 
price (up to 3 Birr per 20 litres jerry-can). At the time of the questionnaire survey (July 2010), 
livestock watering troughs connected to improved water schemes were available in four 
villages of Lume (out of 35 villages) and in three villages of Siraro (out of 28 villages). The 
price for livestock drinking was commonly set based on the assumption that one cattle or 
donkey drinks 20 litres of water (one jerry-can). For small ruminants, no price was set and 
they were watered irregularly. 
2.5 Discussion 
The differences in the livestock holding size and herd structure observed in the study area are 
a direct reflection of the objectives of keeping the specific livestock species. Cattle 
specifically dominate in the area, with all of the interviewed households keeping at least one. 
In the mixed crop-livestock systems of Ethiopia, cattle play a major role as a source of draft 
power among other functions (Gryseels, 1988). The large number of oxen kept by farmers in 
the more crop production-oriented district of Lume is linked with the power required for land 
tillage of the vertisols (predominant soil type in the district), compared to the sandy-loam 
soils of Siraro. The high clay content and the unfavourable consistency of vertisols makes 
seedbed preparation a difficult task and up to six passes are required before crops like teff and 
wheat can be sown (Woldeab, 1988), necessitating more draft oxen. Moreover, it became 
evident in the group discussions that the scarcity of resources (e.g. feed and water) was 
forcing the farmers to keep only small herds of livestock. 
The overall rank ordering of the various constraints for livestock production in this study is 
consistent with a previous one (Tsegaye et al., 2008) that reported continuous shrinkage of 
land, feed shortage and water scarcity as the main constraints for livestock production in 
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Central Ethiopia (including Lume district). Similarly, Gruber et al. (2009) reported forage, 
diseases and water as the main difficulties faced by farmers in mixed crop-livestock farming 
systems of Benin. The differences in the ranks among villages of the same district could be 
associated with site-specific problems. As such, the communities in the proximity to urban 
settlements or industrial establishments (i.e. in the downstream of Mojo River) stated poor 
water quality as the second most important constraint for livestock husbandry after feed 
scarcity. Those villages were facing problems of water and environmental pollution 
associated with upstream urban and industrial activities. Mojo is one of the industrial towns in 
Ethiopia, where many poorly regulated industries are located (Berehanu, 2007). Tanneries and 
abattoirs are the predominant industries, which directly discharge effluents to water bodies 
without control (Leta et al., 2003). For example, it was reported that only two out of five 
tanneries located along Mojo River (in July 2010) had functional wastewater treatment 
facilities (Amenu et al., accepted). Related studies showed that some quality parameters (e.g. 
pH, total dissolved solids) of Mojo River water are above the recommended levels for 
livestock consumption (Leta et al., 2003; Amenu et al., accepted). 
Water shortage was ranked as an important problem in those villages, which are located far 
from perennial surface water sources (up to 20 km straight-line distance for some villagers). 
In order to cope with the problem of water scarcity, dugout constructions were common in the 
area. The dugouts were available in many of the villages in Siraro during the wet season, with 
the exception of villages with sandy (porous) soils. In the case of porous soils, the people 
continuously depended on distant river water or bought water from boreholes. The tendency 
of mismanaging the dugouts by the farmers, which was evident in this study, can pose a 
health risk to humans and livestock. The reason for the low interest in the proper management 
of the dugouts might be associated with people shifting towards borehole water sources. 
However, boreholes are inherently expensive and unreliable. It was observed that rainwater 
harvesting in the form of dugouts in the study area was not getting enough technical support 
from governmental or non-governmental organizations. If properly managed, the harvested 
rainwater can satisfy substantial water requirements for livestock in the area. Therefore, 
technical support is needed for farmers in the proper design and use of already existing 
rainwater harvesting systems. 
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Provided that surface water sources in the study area are either industrially polluted (e.g. 
Mojo River) or mismanaged (e.g. dugouts), an increasing dependency on groundwater sources 
(e.g. boreholes) could be uneconomical, leading to high competition with water intended for 
domestic consumption. 
The seasonal variation in the availability of water for livestock was significant and closely 
linked to rainfall patterns (Figure 2.2). Water scarcity was a pronounced problem of the 
communities especially in the dry season. The high seasonal fluctuation in the quantity of 
water for livestock consumption can adversely affect the performance of livestock. Small 
changes in body water content can cause profound changes in the animal’s body functions and 
lead to reduced productivity within a relatively shorter time compared to feed deprivation 
(Nicholson, 1985). In addition, water scarcity might also affect the safety of milk and milk 
products, as farmers are obliged to use low quality water for cleansing of the milk utensils in 
case of water shortages especially during the dry season. This can be a potential source of 
contamination of the milk and milk products (Kivaria et al., 2006; Grimaud et al., 2009), 
increasing the public health risk in the study area. 
Climate change could additionally aggravate the challenge in meeting the water requirements 
of livestock, as it might affect the hydrological regime in the area and subsequently the 
availability of water resources (Malley et al., 2009). Previous studies (Hailemariam, 1999; 
Wagesho et al., 2012) showed that climate change in terms of uncertain rainfall and increased 
temperature is affecting the availability of water resources in the Rift Valley of Ethiopia 
(including the study area). In response to increased temperatures, the water demand by 
livestock increases for body thermoregulation (Thornton and Herrero, 2010). 
It can be concluded that water quantity and quality were perceived as the major constraints for 
livestock production by farmers. The seasonal fluctuation in the availability of water was the 
most specific problem of the livestock keepers. Water pollution attributed to industrial 
activities in downstream villages of Lume district has the potential to cause reduced 
productivity and impaired health of livestock. Therefore, there is a need for enforcement of 
existing environmental rules and regulations. Moreover, awareness creation is required 
involving the owners of the industries on proper waste disposal mechanisms and 
environmental accountability. Technical support is required in the proper design and 
management of dugouts, which were established to cope with water scarcity, specifically in 
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Siraro district. Further investigations on the direct effects of water sources on the health and 
performance of livestock are recommended. 
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3.1 Abstract 
The study aimed to assess the quality and health aspects of water intended for human and 
livestock consumption in two rural districts of the Rift Valley of Ethiopia. The study involved 
two parts: the first consisted of a questionnaire survey and farmers’ group discussions, 
complemented by secondary health data and the second part determined the chemical (total 
dissolved solids, pH, manganese, hexa-valent chromium, fluoride) and microbial of quality of 
different water sources during two seasons. The result showed a lack of sustainable access to 
safe water in the communities. Mismanagement of water sources by human and livestock was 
found to be a potential health risk. Potentially linked human health problems like malaria, 
diarrhoea and gastro-intestinal parasites were common in the districts. Overall, 76% (n=25) of 
the assessed water sources failed to comply with WHO guidelines for human drinking water, 
for at least one assessed parameter, mostly irrespective of the season. The non-compliance 
was mainly attributed to Escherichia coli contamination and high fluoride concentration. At 
least 20% of the water samples were also found to be unfit for livestock consumption based 
on the assessed chemical parameters in both dry and wet seasons. To minimize the health risk 
associated with mismanagement and poor quality of water sources in the area, targeted action 
in the protection of surface water sources should be given priority. 
 
Keywords: Water access; water quality; rural community; livestock; health; Ethiopia 
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3.2  Introduction 
Water plays a crucial role in the livelihood and wellbeing of rural communities. In rural areas, 
in addition to basic human needs, water is also used for other livelihood productive activities 
such as livestock drinking, among others (Makoni et al., 2004). Therefore, water provision for 
rural populations should ideally take into account such livelihood activities (Katsi et al., 
2007). In countries like Ethiopia, where livestock keeping represents one of the main 
livelihoods sustaining activities of rural communities, provision of water solely intended for 
domestic purposes may not bring the required improvements in the health and wellbeing of 
people. In rural areas, associated with socio-economic and cultural factors, there is an intricate 
interrelationship between livestock and people often sharing the same micro-environments 
(e.g., at water points or in dwellings) (Mazet et al., 2009). In spite of such interdependency 
between people, livestock, and water in rural areas, utilization and quality of water sources 
did not yet get much attention from research. 
The suitability of water for human or livestock consumption depends on the microbiological 
and/or physicochemical properties of water (Schlink et al., 2010; WHO, 2011; Beede, 2012). 
Low microbial quality of water is associated with contamination of water sources with human 
or animal excreta and the chemical quality of water is influenced by geological features of an 
area or the anthropogenic activities in the vicinity of the water sources (WHO, 2011). The 
concern of low quality water is due to its negative health impacts or the reduction in the 
palatability of water for humans or animal consumption (Willms et al., 2002; WHO, 2011). 
Ethiopia is an agrarian country with 84% of the population residing in rural areas (CSA, 
2008) and heavily relying on natural resource bases such as water, soil and forest. In absolute 
terms, Ethiopia is endowed with huge water resources, with the annual renewable water 
resources being estimated at 124.6 billion cubic meters (World Bank, 2006). In spite of the 
vast water resources, there is large spatial and temporal variation in the availability of water 
sources. This high variation is responsible for a high prevalence of water scarcity in many 
parts of the country. In particular, the Rift Valley area of Ethiopia (where this study was 
carried out) is characterized by water scarcity and impairment of quality associated with 
mismanagement and over utilisation (Ayenew, 2007; Jansen et al., 2007). 
Studies addressing water quality problems and subsequent health consequences in the area are 
limited (Reimann et al., 2003, Tekle-Haimanot et al., 2006). Moreover, the quality and 
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suitability of the available water sources utilized in the area are rarely monitored. Research 
that explores the utilization and management of water by communities can make a 
contribution towards identifying priorities for better health at the local level for both livestock 
and people (Karanja et al., 2011). Thus, the objectives of this study were to assess: (1) the 
utilization and management of water sources and (2) the suitability of water sources for 
human and livestock consumption based on microbiological indicators and selected chemical 
quality parameters. 
3.3 Materials and methods 
3.3.1 Description of the study area 
The study was carried out in Lume and Siraro districts of Oromia Regional State, both located 
in the Rift Valley area of Ethiopia (Figure 3.1). Lume has a sub-humid climate receiving an 
average annual rainfall of about 1,065 mm. The altitude of the district ranges from about 
1,600 to 2,500 meters above sea level. The human population of the district was estimated to 
be 126,933, with 67% living in rural areas; according to secondary data obtained from the 
district’s Agriculture Office in 2010. The population settled in the form of clusters where 
several households, mostly relatives, live close to each other. Siraro is characterized by a sub-
humid to semi-arid climate, with a relatively low annual precipitation (on average 926 mm). 
The district has flat terrain topography with altitudes ranging from about 1,400 to 2,000 
meters above sea level. The human population of the district was estimated at 167,932 (in 
2010), with 84% living in rural areas in a dispersed settlement pattern. 
The farming system of the two districts is characterized by crop-livestock production. The 
farmers keep multiple species of livestock: cattle, donkeys, sheep, goats, horses and mules. 
According to unpublished secondary data obtained from the districts’ Agricultural Offices in 
2010, the livestock population of Lume accounted for 80,188 cattle, 21,922 sheep, 21,489 
goats, 20,510 donkeys, 764 mules and 260 horses. In Siraro, the livestock population was 
estimated at 159,521 cattle, 29,803 goats, 23,933 sheep, 19,755 donkeys, 2,079 horses and 
140 mules. 
The rural coverage of improved water sources primarily intended for human drinking was 
38.6% in Lume and 14% in Siraro (based on secondary data obtained from the respective 
districts’ Rural Water Development Offices). The two districts were purposively selected to 
constitute different water quantity and quality challenges of the Ethiopian rift valley areas. 
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Figure 3.1: Study area and location of sampled water sources 
3.3.2 Sampling scheme and data collection 
The data presented in this paper were collected using a combination of methods: (1) a 
questionnaire survey complemented by farmers’ focus group discussions, (2) compilation of 
secondary data on water-related diseases from the Districts’ Health Offices and (3) laboratory 
assessment of the quality of water intended for human and livestock consumption.  
3.3.2.1 Questionnaire survey and focus group discussions 
The questionnaire survey, focus group discussions and secondary data collection were carried 
out from July to October 2010. Two-stage random selection (selection of villages followed by 
selection of households) was employed to identify the households for the questionnaire 
survey. Based on the lists of villages obtained from each district, four villages (Biyo-Bisike, 
Koka-Nagawo, Malmale and Tiliti-Garbi) from a total of 35 villages in Lume, and four 
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villages (Alem-Tena, Kite-Tesisa, Lokke-Sifo and Shasha-Goyke) from a total of 28 villages 
in Siraro, were selected. In each of the selected villages, 40 households were randomly chosen 
and a total of 320 households (160 in each district) were interviewed using a structured 
questionnaire format. Before the interviews, a verbal consent was obtained from each of the 
respondents by explaining the objectives of the survey. At the same time the anonymous use 
of the collected information was assured. The questionnaire survey focused on: (1) the 
accessibility of water sources for livestock and domestic uses, (2) perceived quality of water, 
(3) water-related health problems and (4) farmers’ opinion on the impacts of livestock on 
water sources. The focus group discussions with farmers were held to complement 
information collected through the individual questionnaire surveys in each village. To assess 
occurrence and impact of water-related diseases on humans in the study area, a summary of 
disease reports (July 2009 – June 2010) was obtained from the Health Offices of the 
respective districts. 
3.3.2.2 Water sample collection 
Water samples were collected during December 2010 to January 2011 and July to August 
2011, corresponding to dry and wet seasons, respectively. The water samples were collected 
from Biyo-Bisike and Koka-Nagawo villages of Lume district and Kite-Tesisa and Lokke-
Sifo villages of Siraro district. The villages were reduced to four taking on account of 
logistical constraints. During both sampling periods, a total of 25 water sources (sampling 
sites) were assessed for selected bacteriological and chemical quality parameters. The sites of 
water collection were selected to reflect the conditions of the specific sites where water was 
utilised on site or fetched for the purposes of human and/or livestock consumption. In Lume, 
the assessed water sources included: two boreholes (public standpipes), seven hand-dug wells, 
two unprotected springs and four water use sites along Mojo River. Correspondingly, five 
boreholes (public standpipes), three dugouts and two water use sites along Bilate River were 
included in the sample collection in Siraro. 
The water samples were analysed for total dissolved solids (TDS), pH, manganese (Mn), 
hexa-valent chromium (Cr), fluoride (F), Escherichia coli (E. coli) and total coliforms (TC). 
All quality parameters were determined during both sampling periods (in the dry and wet 
seasons), with exception of chromium and manganese for which the analysis was done only 
during the wet season. The assessed parameters were selected based on their importance 
regarding health and aesthetic (palatability) aspects of water for human and/or livestock uses 
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(Solomon et al., 1995; Reimann et al., 2003; Beede, 2005; Manning, 2008; Olkowski, 2009; 
WHO, 2011; Beede, 2012; Mitchell et al., 2012). The parameters were also assessed taking 
into account the geological features and anthropogenic activities impacting on water quality in 
the study districts (Reimann et al., 2003; Ayenew, 2007; Berehanu, 2007). The selection of 
the assessed parameters was limited by available logistics and laboratory facilities. 
3.3.2.3 Laboratory procedures and sample processing 
TDS and pH of the water samples were determined in-situ, using a portable combined 
instrument (HI-991300, Hanna® Instruments). Proper calibration of the instrument was done 
according to the instruction of the manufacturer. The concentration of manganese, hexa-valent 
chromium and fluoride were determined using UV-Visible Spectrophotometer (DR5000TM, 
Hach, USA). The analyses were made following the manufacturer’s instructions (Hach, 
2008). For the spectrophotometric analysis of the parameters, blank solution (deionised water) 
was used and finally the absorbance of the sample water was determined by subtracting the 
absorbance of the blank. In order to minimize the interferences by turbidity, before chemical 
analysis in the laboratory, all water samples were filtered through polycarbonate filter (0.45 
mm pore size) until clear water was obtained. 
For the determination of fluoride concentration in the water samples, the SPADNS (sodium 2-
(parasulfophenylazo)-1,8-dihydroxy-3,6-naphthalene-disulfonate) method (Bellack and 
Schouboe, 1958) was used. A 10 ml of test sample and blank (deionised water) were prepared 
into dry sample cells and 2 ml of SPADNS solution were added to each cell and allowed to 
react for one minute. In the presence of fluoride the red-coloured SPADNS solution changed 
to form a colourless solution. The intensity of colour change from red to colourlessness, 
corresponding to fluoride concentration in the water samples, was measured by the 
spectrophotometer at 580 nm wavelength (Hach, 2008). 
Manganese concentration was determined using the pyridylazonaphthol (PAN) method (Goto 
et al., 1977). First, an alkaline-cyanide reagent was added to the samples and the 
corresponding controls to mask any potential interference by other elements such as iron, 
cadmium, zinc, cobalt and nickel. Then, PAN indicator was added to the solution and allowed 
to react with manganese for two minutes. Finally, the absorbance of the orange-coloured 
manganese-PAN chelate complex (corresponding to the manganese concentration in the water 
samples) was read at 560 nm wavelength (Hach, 2008).  
Water for human and livestock consumption in rural settings of Ethiopia: assessments of 
quality and health aspects 
 
 
 34
Hexavalent chromium was determined by the diphenylcarbohydrazide method 
(Balasubramanian and Pugalenthi, 1999). A single dry powder formulation called ChromaVer 
3 chromium reagent (Hach, 2008), which contains an acidic buffer combined with 
diphenylcarbohydrazide was added to the water sample. Upon waiting for five minutes to 
react, the intensity of the development of purple colour corresponding to the concentration of 
hexavalent chromium was measured using UV-Vis spectrophotometer at 540 nm wavelength.  
Water samples were analysed for total coliforms and E.coli within 12 hours after collection 
using a commercially available chromogenic medium, BrillianceTM E.coli/coliform selective 
agar (Oxoid CM 1046). Pour plate technique was mostly used for bacterial counts instead of 
the widely recommended membrane filtration technique. This was done because of the fact 
that upon initial testing of few water samples, uncountable bacterial colonies were observed. 
Therefore, membrane filtration was applied for only selected water samples that were 
assumed to contain low bacterial loads (e.g., water from boreholes). After 24 hours of 
incubation at 37°C of the cultured water, purple and pink coloured colonies were counted as 
E.coli and other coliforms, respectively, and expressed as colony forming units (CFU)/100ml 
of water. 
3.3.3 Data analysis 
Descriptive statistics were calculated for the data obtained through the questionnaire survey. 
The information collected in farmers’ group discussions was qualitatively analysed to draw 
conclusions. Upon preliminary assessments, the water quality data did not follow a normal 
distribution and data transformation was not successful. Therefore, the non-parametric 
Wilcoxon signed-rank test for dependent samples (Helsel and Hirsch, 1992) was used to 
compare the quality parameters between dry and wet seasons. The suitability of the water 
sources for livestock and human consumption was evaluated by comparing the assessed 
quality parameters with the recommended values for human and livestock consumption 
(Table 3.1). Most of the water quality variables for livestock consumption are similar with 
those of humans, though the total permissible levels for selected parameters may be higher in 
case of livestock (Beede, 2012).  
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Table 3.1: Guideline values of water quality parameters for human and ruminant livestock 
consumption 
Concern for: Parameters Human1 Ruminant livestock 
Aesthetic pH 6.5-8.5 6.0-8.5a 
 TDS (mg/l) 1000 3000a,b 
Health Mn2 (mg/l) 0.1 (0.4)3 0.5a 
 F (mg/l) 1.5 2.0a,b 
 Cr (mg/l) 0.05 1.0a 
 E.coli (CFU/100 ml) 0 NG 
 Total coliform (CFU/100 ml) 0 NG 
1WHO (2011); 2both health and aesthetic concern; 3 for aesthetic reason; aBeede (2012); 
bTanji and Kielen (2002); NG: Not given 
3.4 Results and discussion 
3.4.1 Water sources and accessibility for human and livestock use 
Groundwater (boreholes, hand-dug wells and springs) or surface water (rivers and dugouts) 
sources were utilized by humans and livestock in the surveyed villages. The survey showed 
that water intended for human and livestock consumption was better available in Lume 
compared to Siraro. In Siraro, Bilate River (marking the extreme southwest border of the 
district) was the only perennial surface water utilized by livestock and people for drinking. In 
the wet season, dugouts constructed by farmers also played a substantial role in the provision 
of water for both people and livestock in Siraro. Unlike in Siraro, dugouts were intended only 
for livestock use in Lume (Table 3.2).  
Table 3.2: Percentages of households using different water sources in dry and wet seasons for 
human and livestock consumption and one-way travel time to the sources 
District 
Water 
sources 
Percent of using sources Time to access sources (mean±sd, hr) 
Human Livestock Human Livestock 
  Dry Wet Dry Wet Dry Wet Dry Wet 
Lume 
(n=160) 
River 29.4 26.9 70.0 84.4 0.5±0.3 0.5±0.2 0.6±0.5 0.5±0.4
Hand-dug  14.4 19.4 8.1 10.0 0.1±0.1 0.3±0.3 0.1±0.1 0.1±0.1
 Borehole 72.5 67.5 25.0 1.9 0.3±0.3 0.2±0.1 0.6±0.3 0.3±0.2
 Spring 9.4 12.5 - - 0.5±0.2 0.3±0.3 - -
 Dugout - - - 18.1 - - - 0.2±0.2
Siraro 
(n=160) 
River 86.3 50.0 96.9 51.9 4.5±1.9 5.3±2.0 4.6±1.9 5.3±2.0
Borehole 72.5 60.6 32.5 31.3 1.9±1.2 1.8±1.2 2.5±1.1 2.5±1.2
 Dugout - 52.5 - 62.5 - 0.6±0.4 - 0.7±0.4
sd: standard deviation; hr: hours. 
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Boreholes (diesel or electric-powered) and hand-dug wells (hand-pump or wind-pump) were 
improved water sources in the surveyed villages of Lume, while all of the improved water 
schemes were boreholes in Siraro. According to WHO/UNICEF (2010), improved water 
sources include household connections, public standpipes, boreholes, protected dug wells, 
protected springs, and rainwater collections. On the other hand, unimproved water sources 
include unprotected wells, unprotected springs, vendor-provided water and tanker truck-
provided water (WHO/UNICEF, 2010). According to the information obtained in group 
discussions, the improved water supply schemes were constructed by governmental or non-
governmental organizations with relatively small one-time contributions (in cash or in kind or 
labour) from the local communities. In both districts, the improved water schemes were 
managed by the communities with operational and maintenance costs of the water schemes 
covered by users. 
In the present survey, more than 60% of the interviewed households responded to use 
improved water sources in some months of a year. However, only 31% and 2% of the 
interviewed households in Lume and Siraro districts, respectively, had all-time access to 
improved water sources (boreholes and protected hand-dug wells). The others had to resort to 
other water sources with uncertain quality. It was frequently mentioned during the focus 
group discussion that people resort to low quality water sources because of high competition 
over the improved water sources specifically in Siraro district. The water pressure from the 
standpipe was very low and people had to wait for several hours to fetch water (Figure 3.2a). 
It was indicated that the borehole pumps were found to break frequently and the communities 
were left without water for several weeks, according to the group discussants. Similar studies 
in developing countries indicated that frequent dysfunctionality of rural water supply schemes 
are the major challenges for a sustainable provision of water services (De Palencia and Pérez-
Foguet, 2012). 
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(a)        (b) 
Figure 3.2: (a) Scarcity of improved water sources leading to long queue to fetch water and 
(b) sharing of a common water source by people and livestock  
Accessibility in terms of the time taken to the water sources showed a wide variation between 
the districts and among the different sources. As depicted in Table 3.2, the average one-way 
walking time to access water sources was less than one hour in Lume for both human and 
livestock use. In contrast, it took several hours to access water sources in Siraro (e.g., taking 
up to five hours for a one-way walk to access the river). According to the participants of the 
focus group discussions, the time allocated for water collection was more than any other 
livelihood activity in Siraro.  
3.4.2 Farmers’ perceptions of water quality 
The perception of the farmers on the quality of different water sources for livestock and 
human consumption is indicated in Figure 3.3. As depicted in the figure, more than 90% of 
the households perceived the quality of borehole water to be ‘good’ for both human and 
livestock consumption. Rivers and dugouts were perceived to be of low quality by the 
farmers. None of the households in Lume perceived water from rivers to be suitable for 
human consumption and only 10.2% of the respondents perceived the river water to be good 
for livestock drinking. In Siraro, 7.2% and 36.8% of the respondents perceived river water to 
be suitable for human and livestock consumption, respectively. The survey showed that the 
quality of river water was perceived to be low in Lume compared to Siraro (Figure 3.3). 
Farmers in Lume district, specifically in the downstream of Mojo River, attributed the low 
quality of surface water to the up-stream urban and industrial activities (e.g., abattoirs and 
tanneries). It was observed that along Mojo River, in Lume district, two abattoirs and five 
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tanneries were present at the time of the questionnaire survey (July 2010), with only two of 
the tanneries claiming to have functional wastewater treatment facilities. The remaining 
establishments were discharging huge amounts of untreated wastes directly to the river. 
From another perspective, the farmers also attributed the low quality of surface water sources 
(river and dugouts) to the indiscriminate access of livestock to the sources. In the 
questionnaire survey, 91% of the total respondents interviewed were aware of the negative 
impacts of livestock on water quality. However, the level of awareness did not translate into 
taking precautive action to minimize the negative impacts of livestock. For example, in 
Siraro, it was observed that people fetched water intermingled with animals from the same 
source (Figure 2b). Therefore, the observed in-stream activities of animals can contaminate 
the water sources, risking the health of people. 
 
(a) 
 
(b) 
Figure 3.3: Percentages of respondents perceiving the quality water source to be of ‘good’ for 
(a) human, and (b) livestock consumption (n: number of households reported utilization of the 
water sources) 
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3.4.3 Water-related human and livestock health problems 
Table 3.3 presents the top ten diseases/syndromes reported from the various health 
centres/clinics of Lume and Siraro districts. From July 2009 to June 2010, out of the total 
outpatient cases enrolled in the different clinics of Lume, 7.1%, 5.7%, 4.7%, 4.4% and 4.1% 
of the cases were due to ‘non-specific acute febrile infection’, pneumonia, bronchitis, gastro-
intestinal parasites and malaria, respectively. On the other hand, in Siraro, 16.6%, 6.8%, 
5.1%, 4.2% and 3.6% of the reasons for the outpatients’ visits were associated with malaria, 
pneumonia, internal parasites, diarrhoea and gastritis, respectively. From Table 3.3, it is 
evident that water-related diseases such as malaria, diarrhoea and gastro-intestinal parasites 
were very common in Siraro. This can be directly related to the scarcity and the 
mismanagement of water sources. The high prevalence of malaria in Siraro could be 
associated with the rainwater harvesting practices through the construction of dugouts 
prevailing in the district. Group discussions and observations in the area showed that the 
improper utilization and management of the harvested rainwater may be associated with 
subsequent health risks. The study showed indiscriminate access of livestock to the harvested 
water sources. Livestock access can lead to high faecal contamination of the sources and can 
also create biologically favourable conditions for the multiplication of the malaria vector 
(mosquito). A study in carried out in Ethiopia showed that puddles and cattle hoof prints 
around the shore of water reservoirs (dugouts) can provide an ideal breeding habitat for 
Anopheles mosquitoes (Boelee et al., in press). Therefore, proper management of dugouts 
through fencing to restrict livestock access should be done to minimize the health risk 
associated with rainwater harvesting in the study area. The secondary data (Table 3.3) also 
showed that diarrhoea and gastro-intestinal parasites were one of the top diseases/syndromes 
recorded in the study areas, which specifically in Siraro may be related to water scarcity and 
quality problems. 
The questionnaire survey showed that water-related livestock morbidity was reported by 
12.5% and 16.9% of the respondents in Lume and Siraro, respectively, during the 12 months 
preceding the survey. The perceived reasons for livestock morbidity included drinking water 
from polluted river (a common complaint in the surveyed villages located downstream of 
Mojo River in Lume), drinking stagnant water, sudden access to water after long deprivation 
and infection with liver flukes after grazing in water-logged areas. 
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Table 3.3: The top ten diseases/syndromes reported in Lume and Siraro districts, Ethiopia 
(July 2009 to June 2010) 
Lume (n=27392) %  Siraro (n=20400) % 
Non-specific acute febrile illness 7.1 Malaria 16.6 
Pneumonia 5.7 Pneumonia 6.8 
Bronchitis 4.7 Gastro-intestinal parasites 5.1 
Gastro-intestinal parasites 4.4 Diarrhoea 4.2 
Malaria 4.1 Gastritis 3.6 
Rheumatism 3.7 Non-specific acute febrile illness 2.8 
Gastritis 3.6 Malnutrition 2.7 
Urinary tract infection 3.6 Skin infection 1.6 
Diarrhoea 3.1 Anaemia 1.1 
Skin infection 3.0 Sexually transmitted infection 1.0 
All other cases 57.0 All other cases 54.4 
Data source: Health Offices of Lume and Siraro districts; n=total number of patients who visited 
different health centres. 
3.4.4 Measured water quality 
Twenty-five water sources (water points) were assessed in this study and the chemical and 
bacteriological results are depicted in Table 3.4. A summary of the overall water sources 
assessed with percentages of non-compliance to the recommended values are also shown 
(Table 3.5). 
3.4.4.1 Chemical quality 
The pH of sampled water sources ranged from 6.7 to 9.2 in the dry season and 6.2 to 10.2 in 
the wet season (Table 3.4). The pH of most groundwater and surface water samples were in 
the alkaline ranges (pH>7.0). Specifically, water samples from Mojo River in the downstream 
sites were more alkaline (Table 3.4). The pH values of the assessed water sources did not 
comply with the WHO recommended range of 6.5 to 8.5 for human consumption in 8% and 
16% of the analysed sources in the dry and wet seasons, respectively. Likewise, 12% of the 
assessed sources in the wet season had pH values exceeding the limits for livestock 
consumption (Table 3.5), Although a higher pH was observed in the wet season compared to 
the dry season (Table 3.5), the difference was not statistically significant (Wilcoxon signed-
rank test, p=0.154). 
The alkalinity of water samples from Mojo River, specifically in the lower stream might be 
associated with direct discharges of tannery effluents into the water body. Two main 
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categories of tannery wastewater exist: highly alkaline wastewater from the pre-tanning 
processes (soaking, liming and de-liming) and wastewater from the tanning process with very 
acidic pH. The final pH of tannery wastewater is determined by the ratio of the two 
wastewater sources (Bajza and Vrcek, 2001) in which the alkaline wastewater seems to have 
dominated in the present study. 
The pH of water has no direct impacts on human or livestock health, but an extreme pH can 
be a cause of unacceptable taste. In addition, extreme pH can cause corrosion of pipe walls 
with subsequent negative effects on the taste of water. In livestock operations, an extreme pH 
of drinking water can reduce water intake with subsequent low performance (Manning, 2008; 
Olkowski, 2009). 
Total dissolved solids (TDS) ranged from 32 to 493 mg/l in the dry season and 35 to 529 mg/l 
in the wet season (Table 3.4). No statistically significant differences were found upon pair-
wise comparison of the matched water data in dry and wet seasons using the Wilcoxon 
signed-rank test (p= 0.767). All water sources in both seasons complied with the 
recommended TDS levels for human and livestock consumption (Table 3.5). For human 
consumption, water with TDS less than 500 mg/l is regarded as very good for drinking and 
TDS between 500-1000 mg/l as fair. When TDS of water is greater than 1000 mg/l, taste 
complaints are common (WHO, 2011). Cattle can tolerate water with TDS up to 3000 mg/l 
and beyond that a problem can arise (Beede, 2012). High TDS can reduce water and feed 
intake in livestock leading to low productive performances (Solomon et al., 1995). 
The concentration of fluoride varied from below detection level in rivers to a maximum of 6.9 
mg/l in boreholes (Table 3.4). In Siraro, high fluoride concentrations were consistently 
measured from boreholes in both seasons with all the boreholes showing concentrations above 
4.3 mg/l. In Lume, high concentration of fluoride above the recommended limit was recorded 
in boreholes during the dry season, while its level was below the maximum permissible limit 
during the wet season. The same was true for Bilate River in Siraro, in which above-limit 
concentrations were measured during the dry season and below the limit of detection during 
the wet season. Overall, significantly higher fluoride concentrations were measured during the 
dry season compared to the wet season (Wilcoxon signed-rank test, p=0.002).  
The concentrations of fluoride were higher than the WHO recommended value of 1.5 mg/l for 
human consumption in 40% and 28% of the samples during the dry and wet seasons, 
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respectively. Suitability assessment for livestock drinking, taking 2.0 mg/l as the maximum 
permissible limit, showed that 32% and 20% of the samples were above the recommended 
value in the dry and wet seasons, respectively (Table 3.5). Similar to the present study, high 
concentrations of fluoride were also recorded in other studies conducted in the Rift Valley 
area of Ethiopia (Kloos and Haimanot, 1999; Reimann et al., 2003). In small quantity, 
fluoride is essential for a healthy tooth and bone development (WHO, 2011), but excess of 
fluoride leads to mottling of teeth and osteosclerosis of the skeleton (Haimanot, 1990; 
Choubisa, 2007). Similar to humans, teeth and health problems can also develop in livestock. 
For example, high prevalence of teeth mottling in calves and skeletal fluorosis in adult cattle 
were observed in an area where animals primarily consumed water with a high fluoride 
concentration recorded up to 5 mg/l (Choubisa, 2007). Hypothyroidism and anaemia 
associated with high fluoride concentration in water were also reported in livestock elsewhere 
(Hillmann et al., 1979).  
In this investigation, the concentration of manganese ranged from non-detectable to 1.5 mg/l 
with non-compliance rates of 60% and 20% for aesthetic and health reasons, respectively. 
Moreover, increased levels of manganese concentration above the maximum permissible limit 
for livestock drinking (i.e., above 0.5 mg/l) were recorded in 20% of the assessed sources 
(Table 3.5). Manganese is an essential nutrient for body metabolism in small amount. In 
larger quantities, it can affect the aesthetic of drinking water and has adverse health effects on 
humans. Epidemiological studies revealed that elevated manganese levels in drinking water 
significantly reduce children’s intellectual function (Wasserman et al., 2006; Bouchard et al., 
2011). In general, a concentration greater than 0.5 mg/l of manganese is thought to affect 
water intake of ruminants, because of the off-taste it imparts (Beede, 2005). Although, the 
health effect of manganese on livestock is not well established, it is regarded as less toxic 
unless ingested in large amounts, a condition which is less probable for manganese intake 
from water (Beede, 2005). 
The water sources assessed for hexavalent chromium during the wet season showed 
concentration ranges from undetectable levels to 0.4 mg/l. In 16% of the water sources, 
hexavalent chromium concentrations exceeded the permissible limit as per the WHO 
guideline for human consumption. In 4% of the water sources, the concentration of chromium 
was above the recommended level for livestock drinking. Ecological studies and health risk 
assessment modelling indicated that oral exposure of people to hexavalent-chromium through 
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drinking water increases the risk of gastrointestinal cancers (Beaumont et al., 2008; Stern, 
2010; Linos et al., 2011). Similar to manganese, the effect of waterborne chromium on 
livestock health and performance is not well understood.  
3.4.4.2 Microbial quality 
Boreholes in both districts and seasons were free from E. coli. On the other hand, surface 
water sources (rivers and dugouts) were found to be highly contaminated with indicators of 
faecal contamination (Table 3.4). In the dry season, E. coli contamination ranged from no 
detection (0 CFU/100 ml) in groundwater sources (boreholes and hand-dug wells) to 28.0x103 
CFU/100 ml in dugouts. In the wet season, the bacterial load in water varied from no 
detection in boreholes to 240.0x103 CFU/100 ml in dugouts. Out of the seven hand-dug wells 
assessed, E. coli was detected in two of them (in both seasons). For the overall assessed water 
sources, it was found that E. coli contamination was higher during the rainy season compared 
to the dry season (Wilcoxon signed-rank test, p=0.04). In line with the present investigation, 
other studies elsewhere reported effects of season with more contamination found during the 
wet season, associated with surface runoff (Strauch and Almedom, 2011). The high 
prevalence and counts of E. coli found in rivers and dugouts may be associated with high 
human and animal activities around the sources. It was observed that people used the water 
from rivers and dugouts not only for drinking, but also for bathing, washing and recreation. 
Moreover, animals were drinking from rivers and dugouts with direct access (Figure 3.2b). 
The dugouts were constructed in such a way that the runoff from upper slope fields or along 
roads is diverted and collected. Due to poor environmental hygiene (i.e. open-air defecation 
practices) and also grazing of animals on the field, the runoff water was assumed to be 
contaminated with faecal materials. Animals were kept on roadsides because of shortage of 
grazing land and feed resources during the wet season with further high deposition of their 
faeces, leading to high faecal contamination of the runoff. Livestock were also tended to be 
kept along the river’s course for long periods of time, which can be a contributory factor for 
increased faecal deposition in the surface water bodies of the study area. In addition to the 
negative affect on the quality of water, livestock grazing along rivers may also damage the 
riparian ecosystem, as evidenced by a study conducted in tropical Africa (Strauch et al., 
2009). 
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According to the WHO guideline, E. coli should not be detected in a 100 ml sample of water 
directly intended for human drinking (Payment et al., 2003) and the presence of E .coli in 
water is indicative of faecal contamination from humans or animals. In Ethiopia, like in many 
developing countries, diarrhoea is one of the major health problems associated with microbial 
contamination of water sources (Prüss et al., 2002). The condition in Siraro district was worse 
than in Lume due to prevailing water scarcity problems and dependency of the people on 
contaminated surface water sources. 
Microbial quality of water is often neglected in water for livestock drinking (Beede, 2012). 
However, some studies revealed water as an important vehicle for the transmission of various 
clinically important pathogens such as Salmonella, Cryptosporidium and Eimeria; urging to 
ensure good microbial quality of water offered to farm animals (Bolton et al., 2012; Mitchell 
et al., 2012). Specifically, waterborne pathogens bear problems for young animals (Mitchell et 
al., 2012). Another possible effect of faecal contamination of drinking water on health of 
animals is associated with algal overgrowth in water bodies (Beede, 2005). In the presence of 
faecal contamination and high organic matter, toxic blue-green algae can grow specifically in 
stagnant water (Beede, 2005). In this regard, the dugouts in Siraro are very prone to algal 
growth. 
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Table 3.5: Summary of water quality parameters and percentages of non-compliance with 
recommended values (n=25) 
Season Parameters Mean St. dev Min Max Non-compliant 
for humans (%) 
Non-compliant 
for livestock (%) 
Dry pH 7.7 0.6 6.7 9.2 8 0
 TDS 284 126 32 493 0 0
 F 2.6a 2.1 0.2 6.5 40 32
 E.coli* 2.1c 6.1 0 28.0 48 - 
 TC* 4.8e 7.2 0 32.8 96 - 
       
Wet pH 7.9 0.8 6.2 10.2 16 12
 TDS 267 141 35 529 0 0
 F 1.5b 1.9 0 6.9 28 20
 Mn 0.4 0.5 0 1.6 64 (20) § 20
 Cr 0.032 0.081 0 0.4 16 4
 E.coli* 15.0d 49.4 0 240.0 48 - 
 TC* 228.6f 838.5 0 4200.0 92 - 
Pairs of parameters in dry and wet season with different superscripts are statistically significant (Wilcoxon 
signed-rank test, p<0.05). §: percent in bracket refers to above recommended range for health concern in the 
WHO guideline for human consumption. 
3.5 Conclusions 
The present study revealed that the rural residents in the Rift Valley of Ethiopia lack 
sustainable access to safe (bacteriological and/or chemical aspects) water sources, with 
potential health repercussions. The health repercussion on people was substantiated by 
secondary health data, which showed diseases attributable to unsafe water and poor sanitary 
conditions constituted one of the top health problems in the study area. Farmers’ perceived 
that water-related diseases were also substantial impediments for the health of livestock in the 
area. The individual questionnaire survey and focus group discussions revealed that there is 
an intricate interrelationship between the rural communities and their livestock often sharing 
the same sources of water points or dwellings. Sharing of the same source of water can lead to 
contamination of water by livestock faeces with subsequent negative health impacts on 
people. Under such intimacy of livestock and people, further research should be carried out on 
the transmission and burden of zoonotic diseases in general and waterborne zoonotic 
pathogens in particular. The traditional water harvesting system should be given proper 
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attention to get the most benefits from the practices without compromising the health of the 
people and their livestock. 
On the whole, 76% of the assessed water sources (25 points) assessed failed to comply with 
WHO guidelines for human drinking water in both, dry and wet season for at least one 
parameter of health or aesthetic concern. For surface water, the non-compliance with 
recommended levels was mainly due to E. coli, while in the case of groundwater, high 
fluoride and manganese concentrations were responsible for the non-compliance. In 
particular, groundwater sources from Siraro were highly contaminated with fluoride (3-4 
times more than the maximum permissible limit for drinking). Combining the results of 
fluoride, manganese and chromium analyses, 32% and 20% of water sources were found unfit 
for livestock consumption in the dry and wet seasons, respectively. 
As revealed by the questionnaire survey and focus group discussions, the respondents were 
not aware of the chemical quality status of groundwater sources. The water supply in most 
rural areas of developing countries suffers from a lack of quality monitoring (Guppy and 
Shantz, 2011). At best water quality is checked once, when water supply schemes are installed 
(Rossiter et al., 2010). Due to the interaction of water and rocks, however, the chemical 
characteristics of groundwater show high temporal variation (Davraz et al., 2008), 
necessitating regular monitoring of the water quality in order to ascertain its suitability for 
drinking. In the present study, the high fluoride concentration (up to 6.9 mg/l) recorded in 
boreholes (widely utilized improved water sources) can be dangerous for the health of the 
communities depending on such water sources for drinking, calling for immediate remedial 
action. 
Towards achieving the millennium development goals, with respect to improvement in access 
to safe drinking water, the Ethiopian government with its development partners is drilling 
boreholes and rehabilitating hand-dug wells. However, high chemical contaminants (e.g., 
fluoride) in the groundwater sources as revealed in this study are a big challenge for such 
efforts. This means that the rural communities of the area are not enjoying optimal benefits 
from the very expensive borehole drilling projects implemented, because of the poor chemical 
quality of the groundwater sources. Therefore, in addition to groundwater development, 
surface water protection and restoration should be given emphasis. There is also a need to 
create awareness of the communities on the proper utilization, management and protection of 
water sources in the area. 
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4.1 Abstract 
Waterborne pathogenic agents affect health of people either through drinking contaminated 
water or when the contaminated water is used in food production and/or processing. Studies 
on the microbiological quality of water in rural areas of Ethiopia are limited especially at the 
level of households. This study aimed to assess the microbial quality of water from different 
sources in rural households in two districts of the Rift Valley of Ethiopia. The relation 
between E. coli counts of water and milk and milk products consumed by the households was 
also investigated. A total of 233 water (126 in dry and 107 in wet season) and 53 milk (19 raw 
milk and 36 processed milk products) samples were collected and analysed for E. coli 
contamination. The overall prevalence of E. coli in water samples, exceeding zero CFU/100 
ml of water, was 54.9% (n=233). In most of the water samples analysed, a higher prevalence 
of E. coli was recorded during the wet compared to the dry season. The highest load of E. coli 
was detected in water samples initially fetched from dugouts. The quality of raw milk and 
traditionally processed milk products showed variations between districts. The traditionally 
processed milk products were found to contain higher E. coli loads than raw milk. The 
correlation between the E. coli counts of water and milk showed only a weak positive 
relationship (r =0.1). In conclusion, taking E. coli as a proxy for quality, the microbiological 
quality of water destined for domestic uses in the study area was found to be very poor and 
potentially risking the food safety (specifically milk) and health of the people.  
 
 
Keywords: Escherichia coli; faecal contamination; milk; water; rural community; Ethiopia 
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4.2 Introduction 
Rural households of developing countries like Ethiopia commonly depend on water sources 
which are located at some distances from the homesteads of households; requiring collection, 
transport and storage before use (Wright et al., 2004). Under such circumstances, the 
microbial quality of water destined for various domestic uses is affected by both, the quality 
status at source and the handling practices of water during collection, transport and storage 
(Trevett et al., 2005; Rufener et al., 2010). Consequently, the health benefits from improved 
water sources depend on both, the quality of water at sources and point-of-consumption 
(Oswald et al., 2007). Water samples taken from storage vessels of households may provide 
an actual risk of consumers’ exposure to microbial agents with subsequent potential health 
impacts (Moyo et al., 2004; Rufener et al., 2010).  
Microbial contamination of water is causing various diseases in most developing countries 
like Ethiopia (Marino, 2007). Children, women, immuno-compromised individuals and rural 
residents are at a high risk of contracting waterborne pathogenic micro-organisms (Obi et al., 
2006). People can be exposed to waterborne pathogenic agents either through directly 
drinking contaminated water or when the contaminated water is used for food production 
and/or processing (Kirby et al., 2003). Specifically, milk products are highly prone to 
bacterial contamination with subsequent health risks to consumers. A broad range of 
pathogens causing human diseases are milk-borne (Oliver et al., 2005). Recognizing water as 
important vector of milk contamination, it has been suggested that water used for cleaning of 
equipment and processing of milk should have quality standards equivalent to that of drinking 
water (Chye et al., 2004). However, people in rural parts of developing countries, in particular 
in sub-Saharan Africa, may not have access to improved water sources and are forced to use 
water from contaminated sources risking the safety of milk and milk products. 
Among several microbiological quality indicators of faecal contamination of water and food, 
Escherichia coli (E. coli) represents a very specific and well accepted one. Detection of E. 
coli in water or food indicates presence of other dangerous pathogenic micro-organisms, 
specifically those responsible for gastrointestinal illness (WHO, 2011). 
Studies on the microbiological quality of water in rural areas of Ethiopia are limited and 
mostly focused on urban settings (Admassu et al., 2004; Kifle and Gadisa, 2006; Biadglegne 
et al., 2009). This study aimed to assess the microbial quality of water used by rural 
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households for domestic purposes (primarily for drinking), using E. coli as quality indicator. 
Special emphasis was paid to assess the association between the quality of water destined for 
domestic uses and that of milk taking E. coli as indicator of contamination. This was done to 
assess the potential health risk associated with low microbiological quality of water intended 
for drinking and domestic uses including cleaning of milking utensils, milk storage and 
processing. In the present study, it was hypothesized that the quality of water consumed in the 
rural communities of the study area is poor risking the health of people. It was further 
hypothesized that the quality of water intended for drinking is affected by season and the type 
of water source from which it was initially collected. Finally, microbiological quality of milk 
may pose a further risk on human health and may be impacted by poor water quality. 
4.3 Materials and methods 
4.3.1 Description of the study area 
The study was carried out in Lume and Siraro districts of Oromia Regional State located in 
the Rift Valley area of Ethiopia. Mojo and Lokke, the respective administrative centres of 
Lume and Siraro districts, are situated 70 km and 308 km south of Addis Ababa (capital city 
of Ethiopia), respectively. According to unpublished secondary data obtained from the Lume 
Districts’ Administration Offices in 2010, the human population of Lume was estimated at 
126,933, with 67% living in rural areas following a clustered settlement pattern. In Siraro, the 
estimated human population was 167,932, with 84% living in rural areas in dispersed 
settlements. The proportion of the population in both districts with access to improved water 
sources for domestic use was low. In general, the rural coverage of improved water sources 
was 38.6% in Lume and 14% in Siraro (based on secondary data obtained from the respective 
districts’ Rural Water Development Offices).  
More than 98% of the dairy cattle in the study areas were Zebu breeds, with the remaining 
being crossbreds with Holstein or Jersey breeds. Those farmers keeping crossbred dairy cattle 
sell surplus milk to primary milk marketing cooperatives, private milk collectors, hotels or 
neighbours. Milk from those farmers keeping Zebu dairy cattle is destined entirely for home 
consumption, with the exception of butter and soft cheese (ayib) that are sold to local markets 
or neighbours as a source of supplementary income. Though the proportion of crossbred cattle 
in the study area is low, all over the country (including the study area), crossbreeding is one of 
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the strategies being implemented to increase milk production for the growing population of 
Ethiopia (Staal et al., 2006). 
4.3.2 Sampling scheme 
A total of 233 water samples were collected during December 2010 to January 2011 and July 
to August 2011, corresponding to dry (n=126) and wet (n=109) seasons, respectively. Only 
during the wet season, 53 milk samples were collected. All samples were collected at 
randomly selected households in two districts of the Rift Valley, Lume and Siraro. Initially, 
160 households were targeted to be surveyed (repeated twice in dry and wet season). 
However, from 34 household in the dry season and 53 households in the wet season, water 
samples could not be collected because the households did not have water at the times of the 
visit or no access to the homesteads was given. Disaggregated by districts and seasons, the 
households fetched water from different sources. Table 4.1 shows the numbers of water 
samples by district, season and sources from which the samples were initially fetched.  
Milk and milk products could only be collected from a sub-sample of the households, since 
several of the households from which water was collected, did not have lactating cows or milk 
was destined solely for calves. Accordingly, 14 and 22 raw milk samples from household 
containers and 5 and 12 samples from processed milk products (e.g., yoghurt and skim milk) 
were collected in Lume and Siraro districts, respectively.  
4.3.3 Sample processing 
The water samples were analysed for E. coli within 12 hours after collection.  Commercially 
available chromogenic agar medium (BrillianceTM E. coli/coliform selective agar, Oxoid CM 
1046) was used for the enumeration of E. coli in the samples. Ringer’s solution (Oxoid) was 
used to dilute water samples (dilution factors: 101, 102 and 103) to get a countable number of 
colonies per plate. The diluted samples were inoculated on the agar and incubated for 24 h at 
37°C, as recommended by the manufacturer. Membrane filtration was applied for the selected 
water samples that were assumed to contain low bacterial indicators (samples from 
boreholes). From the chromogenic agar plates, purple colonies were counted and recorded as 
E. coli. Results were obtained by multiplying the counted colonies with the dilution factor and 
then expressed as colony-forming units (CFU) per 100 ml of water.  
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For the milk samples serial dilutions (101 to 104) were prepared and the diluted samples were 
cultured using the pour plate technique. After incubating the cultured samples for 24 hours at 
37°C, purple coloured colonies were counted similar to the water samples and then expressed 
as CFU/ml of milk. 
4.3.4  Data analysis 
Percentages of households who had water from different sources at the time of visits were 
compared by district between seasons using Chi-square test. The prevalence of E. coli 
contamination of water samples was calculated by dividing the number of samples with 
counts greater than zero CFU/100 ml by the number of samples analysed. Wilcoxon signed-
rank test was used to compare the E. coli counts between dry and wet seasons of the different 
water sources. Mann-Whitney test was used to assess the equality of microbial load between 
raw milk and processed milk products, which were compared by district. Spearman’s rank 
correlation coefficient was calculated to assess the relationship between E. coli counts of milk 
and water for the wet season data. Stata 9 (StataCorp, College Station, TX, USA) was used 
for the statistical analyses. 
4.4 Results 
4.4.1 Water sources and quality 
Water sources for domestic uses encompassed hand-dug wells, boreholes, dugouts, springs 
and roof-collected rainwater. Significant seasonal differences were evident in the percentage 
of households obtaining water from the different sources only in Siraro, but not in Lume, as 
indicated in Table 4.1. Out of the visited households in Lume, 64.9% and 72.1% of 
households had water destined for domestic consumption from boreholes in the dry and wet 
seasons, respectively. In Siraro, a similar percentage of households (72.5%) had water from 
boreholes in the dry season, but only 20.4% in the wet season. A large proportion of the 
households shifted towards dugouts and roof collected rainwater in the wet season in Siraro 
(Table 4.1). 
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Table 4.1: Percentage of water samples collected from households by district, season and 
water source 
District Water source Dry  Wet  Statistical 
Significance  
Lume   n=57 % n=53 %  
 Borehole 37 64.9 31 72.1 ns
 Hand-dug well 11 19.3 6 14.0 ns
 Spring 9  15.8 6 14.0 ns
   
Siraro  n=69  n=54   
 Borehole 50 72.5 11 20.4 *
 Dugouts 13 18.8 30 55.6 *
 Roof rainwater 6  8.7 23 42.6 *
n: number of samples collected; *statistically significant between season (Chi-square test, p<0.05); ns: not 
significant 
The overall prevalence of E. coli contamination in water samples, exceeding zero CFU/100 
ml of water, was 54.9% (n=233). By aggregating the wet and dry season data, the result 
showed that 34.1% (n=129) of boreholes, 95.4% (n=43) of dugouts, 76.5% (n=17) of hand-
dug wells, 72.4% (n=29) of roof-collected rainwater and 60% (n=15) of springs were found to 
be contaminated with E. coli. Generally in most of the water samples analysed, higher 
prevalence of E. coli was recorded during the wet season compared to the dry season (Table 
4.2).  
Table 4.2: Prevalence of E. coli in water destined for human consumption: by district, source 
and season 
District Water source Dry season Wet season 
  n % n % 
Lume Borehole 37 24.3 31 61.3 
 Hand-dug well 11 72.7 6 83.3 
 Spring 9 90.0 6 16.7 
Siraro Borehole 50 22.0 11 45.5 
 Dugouts 13 100 30 93.3 
 Roof rainwater 6 50.0 23 78.3 
n: number of samples analysed 
E. coli loads showed significant differences between dry and wet season for all of the water 
sources with exception of hand-dug wells (Table 4.3). The lowest load of E. coli was detected 
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in water samples initially fetched from boreholes and the highest in water from dugouts 
(Table 4.3). 
Table 4.3: Seasonal differences in the E. coli counts (CFU/100ml) of water from households’ 
containers: by district and source 
District Water source Dry season  Wet season Sig. 
  Mean Median IQR  Mean Median IQR  
Lume Borehole 684 0 0 710 100 500 *
 Hand-dug well 275 100 200 1100 800 1800 ns
 Spring 2855 200 700 17 0 0 *
          
Siraro Borehole 242 0 0 100 0 200 *
 Dugouts 3177 500 1300 82036 6000 33000 *
 Roof rainwater 83 50 200 43359 450 2100 *
*statistically significant between seasons (Wilcoxon signed-rank test, p<0.05); ns: not statistically significant; 
Sig: Significance of variables  
4.4.2 Milk quality 
The prevalence of E. coli in raw milk sampled from household containers was 21.4% (n=14) 
in Lume and 54.6% (n=22) in Siraro. For the traditionally processed milk products, the 
prevalence of E. coli was 60% (n=5) in Lume and 50% (n=12) in Siraro. Though not 
statistically significant (Mann-Whitney test, p>0.05), the E. coli count of raw milk from 
household containers seemed higher in Siraro (mean=1068, median=15 inter-quartile 
range=1000) than in Lume (mean= 360, median=0, inter-quartile range=0). On the other 
hand, the samples of the processed milk products in Lume were found to contain higher E. 
coli counts (mean= 2880, median=400, inter-quartile range=4000) compared to those in 
Siraro (mean=1595, median=20, inter-quartile range=950); the difference in counts between 
the districts found to be statistically significant (Mann-Whitney test, p<0.05). It was evident 
that in both, Lume and Siraro districts, the traditionally processed milk products contained 
higher E. coli counts compared to raw milk sampled from household containers. 
Assessment of the correlation between the E. coli counts of water and milk showed only a 
weak positive relationship (Spearman’s rank correlation coefficient =0.1, p-value=0.5, n =53). 
4.5 Discussion  
The use of different sources of water for domestic consumption irrespective of the quality 
indicates that people in the investigated districts do not have sufficient access to reliable 
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potable water for drinking. During the wet season, farmers in Siraro considerably switched 
from boreholes to dugouts and roof collected rainwater (Table 4.1); both highly contaminated 
water sources (Tables 4.2 and 4.3). Such intermittent use of potable and non-potable water 
sources may have negative impacts on the health of the communities. It has been indicated 
that repeated low-dose exposure to pathogens can reduce the incidence of waterborne diseases 
in communities permanently depending on non-potable water sources compared to 
intermittent users (Frost et al., 2005). Under the situation of communities shifting to 
contaminated water sources after a period of consuming potable water, a high health burden is 
expected due to low immunity (Hunter et al., 2009). 
The microbiological safety of food and water is commonly assessed by quantifying bacterial 
indicators, because of difficulty in assessing all the potential individual pathogenic micro-
organisms. Total coliforms and E. coli are the most common indicator bacteria for such 
assessments, with E. coli being the more specific indicator of water or food contamination 
with animal or human faecal materials (WHO, 1997; Byamukama et al., 2005). The presence 
of other coliform bacteria in drinking water indicates a low efficiency of water treatment 
schemes (if present). In the present study, water sources utilized by the communities were 
largely not treated. It is recommended that water directly intended for human consumption 
should not contain E. coli (WHO, 2011), since detection of E. coli indicates a high risk health 
for consumers.  
In general, the microbial quality of water at the point of consumption is influenced by many 
factors such as the initial state of contamination of the water at sources, the storage 
conditions, fetching and handling practices as well as the applied treatment methods to 
improve quality (Wright et al., 2004; Trevett et al., 2005). The higher prevalence and counts 
of E. coli found in water from dugouts might be attributed to the initial contamination by 
human and animal activities around the source. As evidenced by a study in the area (Amenu et 
al., submitted) and elsewhere (Parker et al., 2010), borehole water sources are generally free 
from faecal indicators (i.e., E. coli) at source level. However, in the present study, more than 
20% in the dry season and 45% in the wet season of borehole sourced water samples were 
contaminated at the point of consumption (Table 4.2). This could be associated with 
overcrowding of people and animals at the borehole pump (public standpipe) during water 
collection, loose plastic hose fittings to the borehole pipe and generally poor handling 
practices of the water during collection, transportation and storage. Another considerable 
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cause of concern for the high microbial contamination of water could be the biofilm from 
containers due to inadequate washing after every use, or the recurrent use of the same 
containers for fetching water from different sources. Therefore, the higher prevalence of E. 
coli in the wet season compared to the dry season may be associated with such biofilm created 
on the wall of the containers. In the wet season people tend to collect water alternatively from 
contaminated sources such as dugouts (e.g., in Siraro district). 
Roof-collected rainwater is generally assumed to be safe and potable (Nevondo and Cloete, 
1999). In this study, 50% and 78.3% of rainwater samples were contaminated with E. coli in 
the dry and wet season, respectively. The contamination was most likely associated with the 
improper design of the rainwater harvesting system, which consisted of concrete walled 
cisterns or temporary containers (buckets or pots). In most cases, the concrete cisterns were 
either open or barely covered and the temporary containers to harvest rainwater were not put 
high enough above the ground to protect soil contamination. 
The high E. coli contamination of water destined for human consumption recorded in the 
present study has implications for the efforts being undertaken towards improvement of 
drinking water resources. The improvement of water resources alone may not result in 
significant health improvements of people, if not accompanied by proper health education, 
especially for women; since they are customarily responsible for the collection and handling 
of water for domestic consumption. 
In the present study, traditionally processed dairy products showed higher E. coli counts 
compared to raw milk. In contrast to this, Mhone et al. (2011) recorded lower counts of E. coli 
in processed dairy products than in raw milk samples. It is assumed that the organic acids 
produced as a result of natural fermentation of milk and milk products can potentially reduce 
the growth of microbial agents including E. coli (Ashenafi, 1994) with subsequent possible 
health benefits. However, since the consumption of the milk products usually takes place 
before the fermentation is completed, this fermentation cannot be a guarantee in reducing 
associated health risks (Tsegaye and Ashenafi, 2005). The higher E. coli counts in the 
processed milk products in Lume compared to Siraro could be partly attributed to differences 
in the households applying smoking of milking utensils. It was observed during field sample 
collection that milk storage utensils were more commonly smoked by households in Siraro 
compared to those in Lume. The high bacterial counts found in the raw milk and traditionally 
processed milk products is a foreseeable health risk for consumers in the study area. 
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The correlation of E. coli counts between milk and water was low and not significant in the 
present study, which may be due to the small number of paired samples. Conversely, Kivaria 
et al. (2006) reported a significant influence of the bacterial quality of water on the total 
bacterial counts of milk in smallholder dairy systems. Another study in intensive dairy 
production systems also showed a significant effect of the quality of wash water used to clean 
milking equipment on the quality of the raw milk produced (Perkins et al., 2009). Though 
statistically significant correlation was not evident in the present investigation, water as a 
source of bacterial contamination in smallholder dairy production systems of the study area 
should not be under estimated. Actually, the water samples analysed in the current study were 
those intended for direct human consumption, but it is expected that more inferior quality 
water is used for sanitation purposes in different domestic activities including milk 
processing.  
Detection of E. coli in water and milk highly suggests the presence of dangerous pathogens, 
such as Vibrio cholera, Salmonella typhi, Salmonella paratyphi and Campylobacter spp. 
(Ashbolt, 2004). In addition to being used as hygienic indicators of water and food, some 
strains of E. coli (e.g., E. coli O157:H7) are important waterborne or foodborne human 
pathogens causing illness with symptoms ranging from mild to severe conditions (Griffin and 
Tauxe, 1991; Olsen et al., 2002). The serious health consequences as result of waterborne or 
foodborne E. coli serotype 0157:H7 infection include gastroenteritis, hemorrhagic colitis, 
haemolytic uremic syndrome (HUS) and thrombotic thrombocytopenic purpura, for example 
(Wells et al., 1991; Olsen et al., 2002). 
Taking E. coli as a proxy for the presence of enteric pathogens in water, it can be concluded 
that the microbiological quality of water consumed in the study area was found to be rather 
poor, posing a potential food safety and health risk to the rural communities. It is further 
concluded that microbiological quality of water varied according to season and types of water 
sources. High E. coli counts were recorded during wet season compared to dry season. The 
highest load of E. coli was detected in water samples initially fetched from dugouts. Though 
the microbiological quality of boreholes (common improved water sources in the study area) 
at point of collection was good (Amenu et al., submitted), more than 20% in the dry season 
and 45% in the wet season of borehole sourced water samples were found to be contaminated 
with E. coli at the point-of-consumption (household containers) putting risk on the health of 
consumers. The study revealed a high post-collection recontamination of water associated 
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with mishandling and improper storage. Recontamination of water can severely compromise 
the expected health benefits from installation of improved water sources. In the present study, 
the correlation of E. coli counts between milk and water was not statistically significant, 
indicating that the degree of recontamination of water and direct contamination of milk 
depends on multiple factors, which could only be revealed in site specific studies on high 
numbers of paired samples. The assumption still holds valid that the recorded poor quality of 
water is contributing to the low microbiological quality and safety of dairy products produced 
and consumed in the area. This needs further research and moreover necessitates further 
action in the improvement of the water supply scheme in the area and awareness creation on 
safe water handling practices.  
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5 General discussion 
This chapter focuses on the major findings of the study with regard to the potential health 
aspects of water consumption by people and livestock. The potential health impacts associated 
with poor quality water and mismanagement of water sources are also discussed. Finally, this 
chapter critically discusses the overall methodological approaches followed in the study. 
5.1 Drinking water for livestock: availability and quality aspects 
An adequate amount of water is required for the maintenance and optimal production 
performances of livestock. Relatively small changes in body water content can cause 
profound changes in the animal’s body functions and lead to reduced productivity within a 
relatively shorter time than that compared to feed deprivation (Nicholson, 1985). The water 
requirements of livestock are influenced by various factors, such as species, breed, age, body 
weight, physiological status, feed type and air temperature (Schlink et al., 2010). The water 
content of feed provided to animals specifically determines the amount of water intake 
through drinking (Pallas, 1986). Some livestock species can potentially survive without 
requiring additional water for drinking if they are given feed with high water content (King, 
1983; Nicholson, 1985). In general, it is estimated that during the wet season in tropical areas 
about 37% of the body water requirements of livestock grazing on natural pasture can be met 
from the moisture content of feed (Pallas, 1986). Frequent access to drinking water is required 
for lactating and young animals. 
In addition to the quantity of water that livestock need, the quality of water also matters. 
Generally, the quality of water is affected by the geological features of an area and the 
anthropogenic activities in the vicinities of water sources. The concern of the low quality of 
water in livestock production is due to its negative health consequences or the reduction in the 
palatability of water for animal consumption with subsequent reduction in water intake 
(Willms et al., 2002). The presence of contaminants in water the supply has a significant 
impact on animal health and productivity (Lardner at al., 2005). Some of the common quality 
parameters which  can affect the health and productivity of livestock are related to the 
physical properties of water (e.g. taste, smell, turbidity) and chemical constituents (e.g. pH, 
total dissolved solids, fluoride, sulphate, nitrate, chromium, lead, phosphates, copper, iron, 
magnesium, calcium, manganese) of water, and presence of microbial agents in water (Beede, 
2012).  
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Water scarcity and a high seasonal variation of water supply can seriously hamper the 
productivity of livestock. Improvements in the efficiency of water use in both livestock and 
crop production are needed to mitigate the scarcity of water (Peden et al., 2007; 
Descheemaeker et al., 2010b). The concept of improving the water use efficiency in livestock 
production is to adopt integrated approaches, which maximise the net outputs of livestock 
with minimal water depletion (Peden et al., 2007). Provision of adequate and good quality 
drinking water for livestock is one of the main strategies which should be followed to 
improve overall water use efficiency and then tackle water scarcity problems (Peden et al., 
2007; Descheemaeker et al., 2010b). Apparently, a large amount of water in livestock farming 
is indirectly consumed for feed production in comparison to the amount directly consumed by 
livestock (Peden et al., 2003). Though the amount of water directly consumed through 
drinking by livestock is small in amount, it is an important requirement for the maintenance 
and optimal productivity of animals (Wilson, 2007). Therefore, livestock should be provided 
with easily accessible and good quality water in order to maximize the productivity of 
livestock and subsequently the per unit efficiency of such a scarce resource. 
The present study revealed various challenges and constraints in the provision of water for 
livestock both in terms of quantity and quality. The overall water-related livestock health and 
productivity problems were summarised using flowcharts, combining the results of a 
questionnaire survey, group discussions and laboratory analysis of water samples (Figure 5.1). 
Water shortage was reported as one of the main constraints for livestock production, 
potentially impacting the health and productivity of the animals (Chapter 2). The perceived 
scarcity of water was highly seasonal and closely linked to the rainfall patterns (Figure 2.3). 
Water scarcity was found to be an astringent problem particularly during the dry season, and 
it was found that the highly erratic rainfall pattern of the study area was further worsening the 
problem. In the wet season, livestock were getting water from various intermittent sources 
such as dugouts, temporary streams and surface runoff accumulating in small roadside 
ditches. The high seasonal fluctuation in the quantity of water for livestock consumption can 
adversely affect the performance of livestock (Section 2.4). The present study showed that 
animals are trekked up to 20 km distance in straight-line for some villagers and taking several 
hours to access water sources (Section 2.4; Table 3.2). Physical inaccessibility of perennial 
water sources can lead to reduced water intake in animals. After prolonged water deprivation 
excess intake of water by livestock can lead to serious physiological disturbances leading to 
livestock morbidity and mortality (Figure 5.1). 
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Figure 5.1: Schematic presentation of water-related livestock health and production problems 
in the study area 
The problem of water scarcity for livestock in the dry season in the villages which were 
located in the vicinity of urban and industrial areas was further complicated by the fact that 
available perennial water sources were found to be highly polluted. This was attributed to 
indiscriminate disposal of industrial and/or domestic waste into the water sources (Section 
2.3.3).  
Environmental pollution from industrial sources has serious impacts on the rural people of 
most developing countries. This section of the community has low negotiating power with 
environmental polluters and regulators to enforce the existing regulations or to get 
compensation for the already existing environmental or economic damages (Behera and 
Reddy, 2002). As a result, whatsoever environmental pollution exists and causing damages to 
them mostly remains unresolved and continues (Behera and Reddy, 2002). There is an 
apparently huge gap in Ethiopia between the theory and practical implementation of the 
environmental protection policies (Ruffeis et al., 2010), and such conditions certainly affect 
the rural people and the general ecosystems of the area. Although rivers might have some 
self-purification capacity along some distances of the downstream flow, the capacity can be 
overwhelmed by persistent upstream pollution overloads from industrial and domestic waste. 
It is noteworthy to mention that unless the water pollution conditions are overcome by strict 
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implementation of environmental laws and regulations, the health and livelihoods of the rural 
population in the vicinity of the industrial establishments are extremely at risk. 
Laboratory assessments of the quality of water sources indicated considerable non-
compliance with the recommended guidelines of livestock drinking water (Table 3.5). The 
alkalinity of water samples from the Mojo River and the high fluoride concentration of 
groundwater sources were responsible for most of the non-compliances. The extreme pH of 
livestock drinking water can affect its palatability, reduce intake and ultimately result in poor 
performances (Manning, 2008; Olkowski, 2009). Primarily, exposure of animals to fluoride 
results in mottling of teeth and osteo-sclerosis of the skeleton (Choubisa, 2007). Animals that 
are kept for production over a prolonged period of time (e.g., draft oxen and dairy cattle) in 
the study area might be at a higher risk of fluoride poisoning due to chronic exposure. For 
instance, teeth mottling resulting from fluorosis could substantially affect feeding (chewing of 
cuds) and subsequently cause low productivity in livestock. 
Contaminated water can be a vehicle for the transmission of clinically important pathogens in 
livestock, such as Salmonella, Cryptosporidium and Eimeria (Bolton et al., 2012; Mitchell et 
al., 2012). Though it can be practically difficult to assure the microbial quality of water 
offered to free grazing animals on pasture, where the animals get water from various sources, 
gross contamination should be avoided especially in stagnant water sources. Toxic blue-green 
algae can grow in stagnant water bodies such as dugouts and ponds, in the presence of faecal 
contamination and high organic matter (Beede, 2005). In this regard, the dugouts widely 
utilised in those villages far from perennial water sources were very prone to algal growth and 
need improvement in the management of the water sources. Farmers also reported livestock 
morbidity and mortality as a result of drinking from the poor quality stagnant water sources 
(Section 3.3.3). 
5.2 Water and human health in rural areas 
The interaction between water and human health is very complex with water-related diseases 
responsible for a very high morbidity and mortality of people living in developing countries 
such as Ethiopia (Helmer, 1999; Prüss et al., 2002). Water-related diseases are attributed to 
either the poor quality of water, inadequacy of water intended for human use or the improper 
methods of water resources development and management (Helmer, 1999; Kahinda et al., 
2007; Boelee et al., in press). The relationship between water utilisation and human health 
was summarised using a flowchart combining the results of a questionnaire survey, group 
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discussions and laboratory analysis of water samples, similar to the one carried out for 
livestock (Figure 5.2). 
Contamination of drinking water by human and animal excreta is the most important aspect of 
waterborne diseases (Fawell and Nieuwenhuijsen, 2003). Infectious diseases (e.g. typhoid, 
campylobacteriosis, giardiasis, cryptosporidiosis, cholera) are the most common water-related 
diseases that are acquired mostly from ingestion of contaminated water (Helmer, 1999; WHO, 
2011) or when contaminated water is used for food production/processing (Kirby et al., 2003). 
There was a high risk of waterborne diseases in the study area attributed to various factors 
(Figure 5.2). In the first instance, the communities in the districts investigated do not have 
sufficient access to reliable improved drinking water sources. By definition, improved 
drinking water sources include household connections, public standpipes, boreholes, protected 
hand-dug wells, protected springs, and rainwater collection (WHO/UNICEF, 2010). 
Consequently, the improved drinking water sources utilized by respondents in the study area 
constituted boreholes and protected hand-dug wells. In the present investigation, though more 
than 60% of the households interviewed responded that they use improved water sources in 
some months of the year in both districts, a considerably much lower percentage of the 
farmers had constant access to improved drinking water sources (Section 3.3.1). The 
unreliability and high competition over such sources were forcing the communities to resort 
to microbiologically unsafe water sources such as rivers and dugouts, potentially leading to 
higher health risks (Figure 5.2). Surface water sources (rivers and dugouts) were found to be 
highly contaminated with E. coli, an indicator of the microbiological quality and safety of 
water. As discussed in Chapter 4 (Section 4.4), the intermittent and unreliable supply of 
improved water was found to seriously affect the health of the communities related to 
waterborne infectious diseases.  
Most rural households in developing countries are not connected to pipe-borne water supply 
schemes due to the scattered settlement patterns of the population and poorly developed rural 
infrastructures. Therefore, the water supplies are usually located at some distance from the 
homesteads of the people and water intended for domestic use is collected from remote 
sources, transported and stored for several hours or even several days before consumption 
(Wright et al., 2004). Under such circumstances, water can most likely become contaminated 
with microbial agents before consumption (Trevett et al., 2005; Rufener et al., 2010). In line 
with this, the microbiological assessment of the water samples from sources (Chapter 3) and 
household containers (Chapter 4) showed different levels of microbial contamination. The 
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study revealed that borehole sources were free from E. coli at source level in both wet and dry 
seasons (Table 3.4). On the other hand, more than 20% and 45% of borehole-sourced water 
samples in dry and wet seasons, respectively, were contaminated at the point of household 
containers (see Table 4.2, Chapter 4). Re-contamination of water towards the consumption 
point was apparent, as the same containers were used to collect water from various sources 
(clean and contaminated sources) facilitating the cross-contamination and formation of 
microbial biofilm (Chapter 4). Surface water (dugouts and rivers), for example, was highly 
contaminated with E. coli both at source level (Table 3.4) and consumption point (Table 4.3), 
which could be incriminated as a plausible source of cross-contamination. High human 
activities around water sources, indiscriminate access of livestock to the water sources while 
drinking (mostly animals wade into the water bodies, Figure 3.2b) and poor environmental 
hygiene (i.e. open-air defecation practices) might have contributed to the high E. coli 
contamination of the surface water sources. Livestock in the study districts tended to be kept 
in the riparian area for long periods of time to take advantage of available green pastures. A 
similar study elsewhere also showed that riparian grazing causes increased faecal deposition 
in water bodies leading to quality deterioration (Strauch et al., 2009). In general, traditional 
livestock management practices in the study area can lead to the contamination of water by 
livestock faeces with subsequent risks to public health.  
In addition to microbial quality, elevated levels of some chemicals in drinking water can also 
cause various human health ailments (Helmer, 1999). Chemical contamination of water 
sources due to geological conditions has been linked to negative impacts on human health (Ng 
et al., 2003). Exposure to high concentration of fluoride is one of the major public health 
problems associated with groundwater utilisation in certain areas of the world (Haimanot, 
1990; Fewtrell et al., 2006). Moreover, some chemicals may not directly affect the health of 
people, but affect the taste and acceptability of water, and subsequently, force the 
communities to resort to poor quality water sources with potential health consequences 
(Hunter et al., 2010). In the present study, the elevated chemical level in drinking water above 
WHO guidelines (Table 3.5) can pose a high health risk to consumers. 
There are two contrasting problems regarding the quality of water sources utilised by rural 
communities in the study area. On the one hand, the microbiological quality of unimproved 
surface water sources (still widely utilised by the rural communities irrespective of the 
quality) was found to be rather poor, posing a high health risk to the consumers. On the other 
hand, the groundwater sources (considered as an improved drinking water supply scheme by 
General Discussion 
 
 
 74
definition) were free from E. coli contamination, but were found to contain elevated levels of 
chemicals with health or aesthetic concerns. The contrasting aspects of the microbiological 
and chemical quality of the water sources have serious implications with respect to the 
development and management of improved rural water supply schemes in the area. For 
example, based on secondary data obtained from the respective districts’ Rural Water 
Development Offices, the rural coverage of improved water sources was 38.6% in the district 
near to urban settlements and 14% in more remote rural district (Section 3.2.1). However, 
borehole water sources, particularly, serving the more rural remote district were contaminated 
with a high fluoride concentration (3-4 times more than the maximum permissible limit in 
drinking water), making the water sources unsafe for drinking (Figure 5.2; Tables 3.4 and 
3.5). It means that the percentage of safe drinking water supply coverage, which is apparently 
estimated based only on microbiological quality criteria, can be misleading for development 
agents and policy makers. Therefore, in addition to the action towards the improvement in the 
microbial quality of water, the issues of chemical quality should be put forward in order to 
minimise the associated health risks. 
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Figure 5.2: Schematic presentation of water-related human health problems in the study area  
5.3 Rainwater harvesting: health aspects  
Rainwater harvesting, referring to the small-scale concentration, collection, storage and use of 
rainwater runoff for various purposes, is a common practice in many parts of the developing 
world, specifically in water-scarce rural areas (Kahinda et al., 2007; Helmreich and Horn, 
2009). Rainwater harvesting affects the health and livelihoods of rural people either positively 
or negatively (Barron, 2009). Primarily, rainwater harvesting supplements the water 
requirements for domestic and agricultural activities. Accordingly, if properly designed and 
managed, rainwater water harvesting can potentially supply water of good quality for 
domestic consumption (Kahinda et al., 2007). Harvested rainwater can also be used for the 
supplemental irrigation of household gardens as well as for livestock drinking. As previously 
discussed, livestock should be provided with easily accessible and good quality water in order 
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to get optimal outputs (Section 5.1). In this respect, harvesting rainwater has a considerable 
advantage in improving the accessibility and quality of the water supply for livestock drinking. 
A study by Descheemaeker et al. (2010b), for instance, has indicated a considerable reduction 
in the energy spent by animals associated with long-distance walking to the drinking points in 
the dry season when rainwater harvesting near homesteads is adopted by farmers. Similarly, 
harvested rainwater can be an accessible source of water for domestic use, lowering the 
burden of long-distance walks for water collection (Helmreich and Horn, 2009). Rainwater 
harvesting in the study area was one of the local strategies practiced by farmers to cope with 
existing water scarcity problems (Section 2.3.3). Rainwater was harvested using different 
storage systems such as temporary household containers (buckets and pots), concrete walled 
cisterns and excavated land (dugouts). Specifically, farmers in the villages far from perennial 
water sources were widely harvesting rainwater to supplement the water needs of livestock 
and/or people.  
On the other hand, serious health risks can be associated with rainwater harvesting and 
utilisation (Kahinda et al., 2007; Waktola, 2008). Widespread rainwater harvesting can favour 
the breeding and maintenance of disease transmitting vectors, which subsequently increase 
the prevalence of vector-borne diseases (Kahinda et al., 2007).  
In general, the traditional rainwater harvesting systems practiced by farmers in the study area 
were not technically supported by any governmental or non-governmental organisation. 
Therefore, lack of know-how for proper site selection for rainwater harvesting and improper 
management of the rainwater harvested was putting the health of people and livestock at risk. 
Several dugouts, for example, were unfenced giving livestock indiscriminate access which 
further deteriorated the water quality within a short time. Malaria, a water-related vector-
borne disease, was highly prevalent in the remote rural district where perennial water sources 
were scarce and dugouts were constructed to harvest rainwater. The high prevalence of 
malaria was probably associated with the improper utilisation and management of the 
traditionally harvested rainwater in the form of dugouts (Section 3.3.3; Figure 5.2). 
5.4 Water quality and safety of milk and milk products 
The other concerns of poor water quality and inadequate availability are associated with the 
potential adverse impacts on the quality and safety of food (Kirby et al., 2003). Several 
foodborne human health problems can be traced back to the use of poor quality in the process 
of food production and/or processing (Oliver et al., 2005; Jawahar and Ringler, 2009). The 
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main waterborne agents of potential health concerns are bacteria, viruses, parasites and 
chemical residues (Jawahar and Ringler, 2009). A broad range of bacterial pathogens such as 
Campylobacter jejuni, Salmonella spp, Shiga toxin–producing E. coli, and Listeria 
monocytogenes are regarded as waterborne (Ashbolt, 2004). Animal source foods, such as 
milk and milk products. are highly prone to such microbial contamination with subsequent 
high health risks to consumers (Randolph et al., 2007).  
The quality and safety of milk is affected by different factors among which the health status 
of the animal, hygienic practices in the dairy operation and post-milking handling and 
processing are the major ones (Gran et al., 2002). The cleaning and disinfection of equipment 
used in milk storage and transportation is a crucial activity to maintain the hygienic quality of 
milk and, subsequently, improve its safety (Bonfoh et al., 2006). An adequate supply of good 
quality water is required to make cleaning and hygienic practices effectiv, (Chye et al., 2004). 
Therefore, a combination of the quality and availability of water for hygienic practices and the 
awareness level of milk handlers regarding hygienic practices ultimately affect the safety of 
milk and milk products (Bonfoh et al., 2006; Grimaud et al., 2009). However, the rural 
communities of developing countries may not have access to improved and reliable water 
sources and are hence forced to use poor quality water sources for drinking and/or food 
processing. The potential health risks of using contaminated water in the handling and 
processing of milk products can be higher than the risk through direct drinking. This is due to 
the fact that multiplication of pathogenic micro-organisms can occur in milk and milk 
products with amplification of the load of the pathogens. The present study also showed a low 
level of access to safe water supply (section 3.4.1) which could have a considerable 
implication for the safety of milk and milk products.  
Water scarcity compromises hygienic practices and the effective cleaning of utensils used for 
milking and milk handling. This favours the formation of microbial biofilm on the surfaces of 
utensils and adversely influences milk quality and safety (Austin and Bergeron, 1995). The 
present study also revealed a serious scarcity of water with high seasonal fluctuations (Figure 
2.3). The problem was worse during the dry period due to frequent dysfunction of the 
standpipes, the common improved water sources (section 3.4.1). This may limit routine 
hygienic practices, such as cleaning of milking and milk-handling utensils. Instead of 
cleansing utensils with water, some households use smoking for hygienic purposes and also to 
add a specific flavour to the milk (section 4.5). In this regard, a previous study showed that 
smoking can reduce the bacterial load in fermented milk (Ashenafi, 1996). However, this 
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practice may not be effective due to the variation in the duration of smoking and when bulk 
milk is handled. Smoking is also not acceptable in areas where farmers supply milk to dairy 
processing plants. Therefore, access to adequate good quality water remains indispensable for 
the production and processing of milk and milk products in the area. 
In the present study, a comparison of E. coli counts in milk and water showed a low, but 
positive correlation (Section 4.3.2). Though the results are statistically insignificant, the very 
poor quality water utilised by the communities in the study area can still negatively affect the 
quality and safety of milk and milk products. The samples analysed in the current study were 
actually the one intended for direct human consumption. It is expected that water of more 
inferior quality is used in different domestic activities, including milk processing (Section 
4.4).  
5.5 Methodological approaches 
 Methodologically, the main components of this study encompassed an individual 
questionnaire survey complemented by focus group discussions, laboratory quality 
assessments of water and milk, and compilation of secondary data.  
5.5.1 Questionnaire surveys and focus group discussions 
The two methods, questionnaire surveys and focus group discussions, have a divergent set of 
strengths and limitations (Ward et al., 1991). In questionnaire surveys, representative 
respondents can be randomly selected, and accordingly, the external validity of the research 
can be realised. On the other hand, an individual questionnaire survey has limitations due to 
its time-consuming nature (Saint-Germain et al., 1993). This is especially true when 
respondents are randomly selected in rural scattered settlements, and consequently, additional 
time is required to locate the homesteads of the respondents. Difficulty in the identification of 
respondents was one of the main problems encountered during the implementation of the 
present study. Structured questionnaire interviews also lack flexibility to discuss particular 
issues of interest at the required depth. With regard to focus group discussions, the method 
gives a chance to explore the details of the various questions with high interaction between 
interviewer (facilitator) and discussants (Wolff et al., 1993). However, focus group discussion 
has limitations due to the inherent nature of difficulty in selecting representative participants. 
Consequently, extrapolation of the results of a study to target population cannot be easily 
made. The other aspect which can be considered as a limitation of focus group discussion is 
that some outspoken participants can adversely dominate the discussion and lead to biased 
General Discussion 
 
 
 79
results (Kidd and Parshall, 2000). In the present study, focus group discussions were held 
separately for male and female groups in each site to minimize potential over-dominance of 
male participants.  
According to Wolff et al. (1993), the methods of focus group discussions and questionnaire 
surveys can be combined in various approaches based on the sequential order in which the 
two methods are carried out. In the first case, focus group discussions can be carried out 
initially, aiming to facilitate the design and formulation of questions intended for the 
questionnaire survey. In the other aspect, focus group discussions can be carried out after or 
concurrently with the questionnaire survey in a unified research design to explore the question 
of a research in greater depth. The latter approach was followed in the present study, in which 
focus group discussion was carried out to complement the results of the questionnaire survey. 
This was done with the assumption that carrying out focus group discussions in the villages 
before the questionnaire survey can sensitise farmers and bias the responses during the actual 
survey, especially with regard to the perceptions of farmers about various constraints for 
livestock production and other related issues.  
In this study a structured questionnaire format was used to interview randomly selected 
farmers, with the questions focusing on various aspects (sections 2.2.3 and 3.2.2.1). Random 
selection of the respondents included in the individual questionnaire survey was carried out 
for the sake of the representativeness of the study. Additionally, the questionnaire format, 
initially prepared in English, was translated into Oromo, a language widely spoken in the 
study area as well as in many parts of Ethiopia, to improve the reliability and validity of 
answers from the questionnaire survey. This helped to acquire the information required by 
reducing possible misunderstanding of the questions. The format was also pre-tested before 
actual interviews to clarify the wording and logical flow of the questions. Focus group 
discussions (one each for male and female participants, respectively, per village) were also 
held with the farmers to complement the information collected through the questionnaire 
survey. One aspect worth mentioning here is that the researcher himself facilitated the 
discussions for male as well as female groups, and this might have influenced the interactions 
among the female participants to some extent. However, maximum care was taken to 
minimise such influence and it is believed that the overall result of the group discussion was 
not severely affected. 
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The use of focus group discussions in the present study provided a chance to explore the details of 
the various issues already covered under the questionnaire survey; for example, the local 
strategies applied to cope with the existing problems of water provision for livestock were 
identified during the group discussions (section 2.3.4).  
The human health aspect was assessed based on available secondary data from the districts, 
and consequently, when a direct link to the household interviewed was not possible. 
Therefore, the result (section 3.4.3) only gives an overall picture of the study districts instead 
of the households interviewed. 
5.5.2 Assessments of water and milk quality 
Water samples in this study were collected and analysed from sources and household 
containers involving two seasons, dry and wet. The water samples collected from different 
sources were analysed for total dissolved solids, pH, manganese, chromium, fluoride, E. coli, 
and total coliforms. On the other hand, the water samples collected from household containers 
were analysed only for microbial quality assuming that the chemical quality parameters do not 
change notably during the transportation and storage of water. The chemical quality 
parameters selected and assessed in this study were mainly based on their importance 
regarding health and aesthetic aspects of water for human and/or livestock uses.  The selection 
of the parameters assessed was also influenced, to some extent, by the availability of logistics 
and laboratory facilities at the time of the study. This can be considered as one of the 
limitations of the present study. Water quality parameters, such as the concentration of 
sulphate, nitrate and pesticides could have been analysed in order to assess non-point sources 
of water pollution from agricultural activities. Another limitation of the present study may be 
related to the frequency of water sampling. Though water sampling had covered dry and wet 
seasons, the quality of surface water can fluctuate over relatively short periods and high 
frequency of sampling might have been needed in order to establish the quality status of the 
sources. This is especially true when several sources of pollution (including point and non-
point origins) are impacting the quality of water (Facchi et al., 2007), and this condition was 
common in the study area. In order to assess the microbial re-contamination of water after 
collection during transportation and storage, water samples were collected from both sources 
and household containers. However, one-to-one matching of the samples from sources and 
household containers was not made during sample collection. Therefore, based on the present 
study, exact causes of contamination cannot be determined. An attempt had not been made in 
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this study to assess the direct link between health impacts and poor quality water; instead, 
water-related health problems were discussed only by implication. 
A part of the present study aimed to establish a correlation between E. coli counts of milk and 
water. Milk and milk product samples could only be collected from a sub-sample of the 
households, because either several of the households that provided water samples did not have 
lactating cows, or milk was destined solely for calves. Therefore, the results of the 
microbiological quality of milk suffered from the small size of paired samples. Further 
sampling to increase the sample size by the inclusion of more households was not possible 
due to time and logistic constraints. 
5.6 General conclusions 
The study findings emphasise that water availability and quality are among the major 
constraints identified by the farmers, the consequences of which imply a negative influence 
on the health and performance of livestock. Challenges in the water provision for livestock 
consumption were associated with physical inaccessibility and high seasonal variation in the 
availability of water sources. Quality problems were associated with industrial and domestic 
pollution of the water sources intended for livestock drinking in those villages which are 
located in the sites downstream from urban settlements or industrial establishments. Water 
quality deterioration attributed to industrial activity needs due attention. In the long-run, it can 
induce adverse effects on the health and performance of livestock and also consequently on 
the health of the communities. The results of the present study showed that most of the 
surface water sources intended for domestic or livestock use were contaminated with faecal 
materials and did not meet the WHO guidelines for drinking water quality. Irrespective of the 
contamination level, water sources were widely utilised for domestic purposes and this 
potentially can pose a high health risk to the rural communities. On the other hand, taking E. 
coli as an indicator, groundwater sources were microbiologically safer, but chemically 
contaminated with natural elements, such as fluoride and manganese. The potential 
microbiological health risk associated with borehole water was low at its supply point, but the 
risk remained due to recontamination after collection. In this regard, recontamination of water 
after collection from sources can severely compromise the expected health benefits from the 
installation of improved water sources. Generally, taking E. coli as a proxy for the presence of 
enteric pathogens in water, it can be concluded that the microbiological quality of water 
consumed in the study area was found to be rather poor, posing a potential food safety and 
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health risk to the rural communities. The study revealed that the rural residents in the study 
area lack access to safe and reliable water sources, with potential health repercussions. In this 
respect, interventions should be sought towards the protection of surface water sources from 
pollution and possibly remediation of groundwater sources to remove the elevated chemicals. 
Bone char filtration, for example, which is claimed to be an efficient, simple and low-cost 
defluoridation technique (Kloos and Haimanot, 1999), can be taken as an option to reduce the 
health risk of fluoride-contaminated water. The rainwater harvesting system was one of the 
strategies practiced to cope with water scarcity. However, the mismanagement of the water 
harvested was found to pose a high health risk to livestock and farmers. In order to minimise 
such a health risk, farmers should be technically supported by the local government in the 
proper design and management of the rainwater harvesting systems. In connection with re-
contamination of water, targeted health education is required, especially for women; since 
they are customarily responsible for water collection and handling.  
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6 Summary 
Adequate access to good quality drinking water is an important prerequisite for the wellbeing 
and survival of people. Increasing competition over scarce freshwater resources with 
continuous quality deterioration is becoming a serious problem in many developing countries 
like Ethiopia, where the technical, socioeconomic and political conditions are impeding the 
proper utilization of the required resource. The concern of low quality water is either due to 
direct health impacts of poor quality drinking water or a reduction in the palatability of water 
for humans or animal consumption. The use of contaminated water in food production and/or 
processing can also be a considerable health concern for people. In rural households, water is 
used for multiple purposes including income generating activities such as livestock farming. 
Generally, the interactions among livestock, water and rural communities are very complex. 
Studies addressing the extent of water scarcity and quality problems in Ethiopia in such 
contexts are still limited. Therefore, a comprehensive assessment of water utilization by 
farmers and their livestock with respect to potential health and food safety impacts was 
carried out in two districts of Ethiopia. The specific objectives of the present study were to: 
(1) assess the constraints and challenges in meeting the water requirements of livestock kept 
by typical rural communities, (2) assess the utilization of water sources by livestock and 
people, (3) assess the suitability of water sources for human and livestock consumption based 
on microbiological and chemical quality indicators, (4) examine the microbiological quality 
of water at household levels and the potential health impacts, and (5) investigate the potential 
impacts of poor water quality on the microbiological safety of milk and milk products. 
The study was carried out in Lume and Siraro districts, both located in the Rift Valley of 
Ethiopia. Methodologically, the study encompassed different components: (1) a questionnaire 
survey complemented by focus group discussions with farmers, (2) assessments of the 
microbiological and chemical quality of water destined for human and/or livestock 
consumption, (3) microbiological assessments of milk and milk products produced and 
consumed by the local communities, and (4) a compilation of secondary data focusing on 
common human health problems in the districts. The questionnaire survey with 320 randomly 
selected farmers, the focus group discussions (n=16) and the compilation of secondary data 
were carried out from July to October 2010. Water samples were collected from sources and 
household containers from December 2010 to January 2011 and July to August 2011, 
corresponding to dry and wet seasons, respectively. During both sampling periods, a total of 
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25 water sources (sites where water was utilised or fetched for the purpose of human and/or 
livestock consumption) were assessed for microbiological and chemical quality parameters. A 
total of 126 and 109 water samples from household containers were collected in the dry and 
wet season, respectively. In addition, a total of 53 samples of milk and milk products were 
collected during the wet season and analyzed for E. coli contamination. Water samples 
collected from ground and surface water sources were analysed for total dissolved solids, pH, 
manganese, chromium, fluoride, E. coli and total coliforms. The assessed parameters were 
selected based on their importance to health or aesthetic aspects of water for human and/or 
livestock uses. The water samples from household containers were only analyzed for 
microbiological parameters. A summary of disease reports (July 2009-June 2010) was 
obtained from the Health Offices of the respective districts to assess the occurrence and 
impact of water-related human diseases. 
Descriptive statistics were calculated for the questionnaire survey data. Qualitative data 
collected in farmers’ group discussions were analyzed by organising the raised issues into 
logical categories. Mean ranks were calculated to compare the various constraints for 
livestock production mentioned by farmers. Non-parametric statistical tests were used to 
compare E. coli counts of water or milk between seasons and districts. The suitability of water 
sources for livestock and human consumption was evaluated by comparing the assessed 
quality parameters with recommended values. 
The study results showed that water sources intended for domestic and livestock uses were 
either ground water (hand-dug wells, boreholes) or surface water (river, dugout, surface run-
off from roadsides). Challenges in the provision of water for livestock and/or people were 
associated with physical inaccessibility and high seasonal variation in the availability of water 
sources. Poor quality water for livestock drinking was rather a concern for communities in the 
proximity of urban settlements or industrial establishments. The mismanagement of harvested 
rainwater due to indiscriminate access of livestock to the sources was also found to pose high 
health risks on both livestock and people. 
Taking E. coli as an indicator of faecal pollution, the assessment of water samples showed 
that most of the surface water sources were contaminated with faecal materials and did not 
meet the WHO guidelines for drinking water quality. On the other hand, groundwater sources 
were microbiologically safe, but chemically contaminated with elements such as fluoride and 
manganese. In total, 76% of the water sources (n=25 points) assessed in this study failed to 
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comply with WHO guidelines for human drinking water in both, the dry and the wet season 
for at least one parameter of health or aesthetic concern. Regarding pH, fluoride, manganese 
and chromium, 32% and 20% of the water sources were found unfit for livestock 
consumption in the dry and wet season, respectively. Another potential water-related health 
risk identified in this study was the considerable re-contamination of water after collection 
from sources. This can severely compromise the expected health benefits from the installation 
of improved water sources. For the overall assessed water samples from household containers, 
it was found that E. coli contamination was higher during the rainy season compared to the 
dry season. The microbiological assessment of milk produced and consumed in the study area 
showed a considerable contamination with E. coli. Although the correlation between the E. 
coli counts of milk and water was weak (Spearman’s rank correlation coefficient r=0.1), the 
recorded poor quality water still might have contributed to the low microbiological quality 
and safety of dairy products produced and consumed in the area. 
According to the secondary data collected from health offices, water-related human health 
problems potentially associated with the scarcity, poor quality and mismanagement of water 
sources were malaria, diarrhoea and gastro-intestinal parasites. Water-related livestock health 
problems were also reported by the farmers to be mainly associated with drinking water from 
stagnant dugouts and the industrially polluted Mojo River. 
In conclusion, the rural communities in the Rift Valley area of Ethiopia lack reliable access to 
safe water sources, with potential adverse health impacts. A possible priority of action that 
emanates from this study is a minimization of industrially associated water quality 
deterioration through the enforcement of existing environmental protection rules and 
regulations. Concurrently, awareness creation of the owners of the industries on the proper 
waste disposal mechanisms and environmental accountability should be targeted as one of the 
key aspects to alleviate the industry-related water pollution. On the other hand, in order to 
minimize the health risk associated with the mismanagement of rainwater harvesting systems, 
farmers should be technically supported by the local government in the proper design and 
management of the systems. Health education remains a necessary and crucial intervention to 
reduce the re-contamination of water. In this respect particularly women should be addressed, 
since they are customarily responsible for the collection and handling of water for domestic 
consumption. 
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7 Zusammenfassung 
Der Zugang zu Trinkwasser in guter Qualität und ausreichender Menge ist eine wichtige 
Voraussetzung für das menschliche Leben und Wohlergehen. Die steigende Konkurrenz um 
knappe Trinkwasserressourcen bei zunehmender Verschlechterung der Qualität wird zu einem 
gravierenden Problem in vielen Entwicklungsländern wie Äthiopien, in denen technische, 
sozioökonomische und politische Bedingungen eine angemessene Nutzung dieser  Ressource 
erschweren. Mögliche Risiken schlechter Wasserqualität für Menschen und Nutztiere sind 
entweder durch die direkten Gesundheitseinflüsse bei der Wasseraufnahme oder durch eine 
verminderte Aufnahme aufgrund des schlechten Geschmacks bedingt. Die Verwendung von 
verunreinigtem Wasser in der Produktion und/oder Verarbeitung tierischer Lebensmittel kann 
ebenfalls ein bedeutendes Gesundheitsrisiko für den Menschen darstellen. In ländlichen 
Haushalten wird Wasser für viele verschiedene Zwecke benutzt, so auch für die Tierhaltung. 
Es bestehen komplexe Interaktionen zwischen Nutztieren, Wasser und der ländlichen 
Bevölkerung. Bisher gibt es jedoch nur wenige Studien zur Wasserqualität und 
Wasserknappheit in Äthiopien und ihren direkten und indirekten Auswirkungen auf die 
Nutztiere und die Landbevölkerung. Daher wurde mit der vorliegenden Arbeit die 
Wassernutzung der Bauern für ihre Tiere hinsichtlich potentieller Einflüsse auf Gesundheit 
und Lebensmittelsicherheit in 2 Distrikten Äthiopiens untersucht. Die Ziele dieser Arbeit 
waren: (1) die Einschränkungen und Herausforderungen bei der Deckung des Wasserbedarfs 
von Nutztieren der ländlichen Bevölkerung zu untersuchen, (2) die Nutzung von 
Wasserquellen durch Nutztiere und Menschen zu ermitteln, (3) die Eignung der 
Wasserquellen für Menschen und Tiere anhand von mikrobiologischen und chemischen 
Qualitätsindikatoren zu bewerten, (4) die mikrobiologische Wasserqualität in ländlichen 
Haushalten zu untersuchen und mögliche negative gesundheitliche Effekte zu identifizieren, 
und (5) potentielle Einflüsse schlechter Wasserqualität auf die mikrobiologische Sicherheit 
von Milch und Milchprodukten zu untersuchen. 
Die Studie wurde in den Distrikten Lume and Siraro im Rift Valley Äthiopiens durchgeführt. 
Es wurden verschiedene Methoden angewandt: (1) eine Fragebogenerhebung, ergänzt durch 
Gruppendiskussionen mit Bauern, (2) eine mikrobiologische und chemische Analyse von 
Wasser für den menschlichen und/oder tierischen Gebrauch, (3) eine mikrobiologische 
Untersuchung von Milch und Milchprodukten, die von der lokalen Bevölkerung produziert 
und konsumiert werden und (4) eine Bewertung von Sekundärdaten zu verbreiteten 
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gesundheitlichen Problemen in den untersuchten Distrikten hinsichtlich ursächlicher 
Zusammenhänge mit der Wasserversorgung. Die Fragebogenerhebung mit 320 zufällig 
ausgewählten Bauern, die Gruppendiskussionen (n=16) und die Beschaffung der 
Sekundärdaten wurden von Juli bis Oktober 2010 durchgeführt. Wasserproben wurden von 
Dezember 2010 bis Januar 2011 (Trockenzeit) und von Juli bis August 2011 (Regenzeit) aus 
Haushaltsbehältern und Wasserentnahmestellen entnommen. In beiden 
Stichprobenzeiträumen wurden an insgesamt 25 Standorten, an denen Wasser für den 
Verbrauch durch den Menschen und/oder Nutztiere genutzt oder entnommen wird, 
Wasserproben auf mikrobiologische und chemische Parameter untersucht. Insgesamt 126 und 
109 Proben wurden in der Trocken- bzw. Regenzeit aus Haushaltsbehältern entnommen.. 
Zusätzlich wurden 53 Proben aus Milch und Milchprodukten während der Regenzeit 
gesammelt und der Gehalt an E. coli-Keimen bestimmt. In Grund- und 
Oberflächenwasserproben wurden die Gehalte an gelösten Feststoffen (TDS=total dissolved 
solids), pH, Mangan, Chrom, Fluorid, E. coli und die Gesamtzahl coliformer Keime 
bestimmt. Diese Parameter wurden auf Basis ihrer gesundheitlichen  Bedeutung für Menschen 
und/oder Nutztiere und der ästhetischen Wasserqualität ausgewählt. Die Wasserproben aus 
Haushaltsbehältern wurden ausschliesslich auf mikrobiologische Parameter analysiert. 
Anhand von zusammengefassten Krankenberichten der Gesundheitsämter in den beiden 
Distrikten vom Juli 2009-Juni 2010 wurde das Auftreten von Humankrankheiten mit Bezug 
zur Wasserqualität beurteilt. 
Die Auswertung der Fragebögen erfolgte deskriptiv. Die qualitativen Daten aus den 
Gruppendiskussionen wurden vor Auswertung kategorisiert. Den von den Bauern genannten 
Problembereichen der Tierproduktion wurden zum Vergleich mittlere Ränge zugeordnet. Die 
Keimzahlen von E. coli in Milch- und Wasserproben wurden mit nicht-parametrischen Tests 
analysiert, um Unterschiede zwischen den Jahreszeiten und den Distrikten zu bestimmen. Die 
Eignung von Wasserquellen für Nutztiere und Menschen wurde durch den Vergleich der 
Messergebnisse mit empfohlenen Richtwerten beurteilt. 
Die Ergebnisse der Studie zeigen, dass das Wasser für den Haushalt und für die Tierhaltung 
entweder aus Grundwasserquellen (von Hand gegrabene Brunnen, Bohrlöchern) oder 
Oberflächenwasser (Flüssen, Erdlöchern, Abflusswasser an Strassen) stammte. Die Probleme 
bei der Beschaffung von Wasser für Mensch und Tier waren durch große Schwankungen in 
der saisonalen Verfügbarkeit sowie generell schwierigen Zugang zu Trinkwasser 
insbesondere in der abgelegeneren ländlichen Region bedingt. Eine schlechte chemische 
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Wasserqualität betraf vor allem die Bevölkerung in der Nähe von städtischen Siedlungen oder 
Industriebetrieben. Mängel bei der Sammlung und Speicherung von Regenwasser durch den 
uneingeschränkten Zugang von Nutztieren wurde als bedeutendes Gesundheitsrisiko für 
Menschen und Nutztiere eingestuft. 
Die Analyse der Wasserproben ergab, dass ein Großteil des Oberflächenwassers mit Fäkalien 
verunreinigt war und nicht den Richtlinien der WHO für Trinkwasserqualität entsprach. Die 
Grundwasserproben waren hingegen mikrobiologisch unbedenklich, aber chemisch mit Fluor 
und Mangan verunreinigt. Insgesamt entsprachen 76% aller Wasserquellen (n=25 
Entnahmestellen), die in dieser Studie in der Regen- und Trockenzeit untersucht wurden, in 
zumindest einem der Parameter von gesundheitlicher oder ästhetischer Relevanz nicht den 
WHO-Richtlinien für Trinkwasserqualität. Die Ergebnisse der pH-, Fluorid-, Mangan- und 
Chrombestimmung zeigten, dass 32% der Wasserquellen in der Trockenzeit und 20% in der 
Regenzeit nicht als Trinkwasser für Nutztiere geeignet sind. Ein weiteres potentielles 
Gesundheitsrisiko stellte die beträchtliche Rekontamination des Wassers nach der Entnahme 
aus der Ursprungsquelle dar, wodurch erwartete positive Auswirkungen von verbesserten 
Wasserversorgungsanlagen erheblich kompromittiert werden können. Insgesamt wurde bei 
allen untersuchten Proben aus Haushaltsbehältern eine höhere E. coli-Zahl während der 
Regenzeit als in der Trockenzeit gefunden. Die untersuchten Proben von frischer oder 
verarbeiteter Milch für den Hausverbrauch waren erheblich mit E. coli belastet. Obwohl die 
Korrelation zwischen E. coli-Keimen in der Milch und im Wasser niedrig war 
(Spearman’scher Rangkorrelationskoeffizient r=0.1), wird weiterhin angenommen, dass die 
geringe Wasserqualität die erwiesene mikrobielle Belastung von Milch und Milchprodukten 
und damit die Lebensmittelsicherheit negativ beeinflusst hat. 
Aus den Sekundärdaten der Gesundheitsämter ging hervor, dass Malaria, 
Durchfallerkrankungen und Magen-Darm-Parasiten als wichtigste menschliche 
Gesundheitsprobleme mit ursächlichem Bezug zu Wasserknappheit, schlechter 
Trinkwasserqualität und unsachgemäßem Umgang mit Wasserquellen angesehen werden 
können,. Die Bauern berichteten ihrerseits von Gesundheitsproblemen bei Tieren, die sie auf 
die Wasseraufnahme aus stehenden Gewässern und dem industriell belasteten Mojo Fluss 
zurückführten. 
Es wird geschlussfolgert, dass die ländliche Bevölkerung in der Rift Valley-Region 
Äthiopiens keinen ausreichenden Zugang zu sicheren Trinkwasserquellen hat, woraus 
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Gesundheitsgefahren entstehen. Eine aus der vorliegenden Arbeit hervorgehende vorrangige 
Maßnahme wäre eine Minimierung der industriell bedingten Wasserverunreinigung durch die 
Umsetzung bestehender Umweltschutzbestimmungen. Es sollte eine Sensibilisierung der 
Industriebesitzer für eine sachgemäße Abwasserentsorgung zur Verringerung industrienaher 
Wasserverschmutzung erfolgen. Um wasserqualitätsbedingte Gesundheitsrisiken zu 
verringern, sollten die Bauern von der Kommunalverwaltung bei der Installation von 
Systemen für die Regenwassergewinnung unterstützt werden. Die Gesundheitserziehung 
bleibt vorrangig für den Umgang mit Wasservorräten zur Vermeidung von Rekontamination. 
Dabei kommt vor allem den Frauen eine wichtige Rolle zu, da diese für das Wasserholen und 
für den Umgang mit Wasser im Haushalt verantwortlich sind. 
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